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PREFACE 

TO  THE  SEVENTH   EDITION'. 


It  has  been  the  ioteiitioa  m  the  preparatioD  of  this,  as  in  former  edi- 
tions of  this  work,  to  give  to  students  and  practitioners  of  medicine,  first, 
the  knowledge  necessary  for  the  making  of  autopsies,  the  preservation  of 
tissues  and  their  x>reparation  for  microscopic  study,  and  to  outline  the 
characters  and  methods  of  study  of  pathogenic  micro-organisms ;  second, 
to  consider  the  nature  of  infection  and  immunity ;  to  describe  concisely, 
with  such  ill iistrat ions  as  seem  necessary,  tlie  lesions  of  the  acute  infec- 
tious diseases,  and,  so  far  as  they  are  known,  the  micro-organisms  incit- 
ing them;  the  various  phases  of  degeneration  and  intlammation;  the 
characters  of  tumors;  the  lesions  of  the  general  diseases,  of  poisoning, 
and  of  violent  deaths;  and,  finally,  to  describe  briefly  the  special  lesions 
of  different  tissues  and  organs  of  the  body. 

While  the  general  aims  of  Hie  book  have  reuuvined  unchanged,  it 
has  seemed  wise,  in  this  more  than  in  the  earlier  editions,  to  call  atten- 
tion here  and  there  to  the  relationships  of  pathology  to  the  allied  phases 
of  biological  science,  and,  where  it  might  he  done  without  hazard  to  the 
more  urgent  practical  aims  of  the  work,  to  consider  disease  as  an  adap- 
tive process,  and  to  \'iew  pathology  as  one  aspect  of  the  diverse  mani- 
festations of  life  and  of  energj',  rather  than  as  belonging  to  a  si)ec{al  and 
exclusively  human  domain. 

Dr.  Delafield  no  longer  shares  in  the  preparation  of  the  work :  so  that 
the  writer,  deprived  of  the  wise  counsel  and  large  experience  of  the 
senior  author,  is  alone  responsible  for  such  alterations  and  atlditions  as 
have  been  made  in  this  sis  in  the  last  revision. 

The  great  aii<l  nipid  accumulation  of  data  in  the  wide  field  which  this 
book  covers  has  nutdc  necessary  the  exclusion  in  lai^e  measure  of  those 
phases  of  clinical  diagnosis  and  practical  bacteriology  which  are  now 
adequately  covered  in  special  treatises. 

The  book  has  been  largely  revised.  The  section  on  immunity  has 
been  entirely  rewritten.  Ehrlich's  "side  chain"  hypothesis  has  been 
set  forth  with  considerable  detail,  as  well  as  the  new  lore  relating  to 
various  phases  of  eytolysis. 

The  references  in  foot-notes  have  been  considerably  increased.  The 
intention  in  these  has  been  in  part  to  indicate  special  studies  or  reviews 
relating  to  the  theme  under  consideration ;  but  more  particularly  to  point 
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out  here  and  there  publications  in  vhich  a  fuller  bibliography  may  be 
found  than  is  consistent  with  the  scope  and  limitations  of  this  work. 

The  sections  on  the  blood  which  were  written  for  the  fifth  edition  by 
Professor  James  Ewiug  have  been  revised  for  this,  as  for  the  last  edition, 
in  such  measure  as  the  growth  of  knowledge  seems  to  require,  by  Prof. 
Francis  C.  Wood.     Prof.  Wood  has  also  written  the  section  on  malaria. 

The  chapter  on  the  nervous  system  has  been  revised  by  Prof.  Fred- 
erick E.  Bailey.  To  Profs.  Wood  and  Bailey,  as  well  as  to  Prof.  Eugene 
Hodenpyl,  Prof.  Philip  Hanson  Hiss,  Jr.,  Dr.  John  H.  Larkin,  Dr. 
Augostiis  B.  Wadsworth,  and  Dr.  Charles  Norris,  also  my  colleagues,  I 
am  under  great  obligation  for  aid  and  for  many  helpful  suggestions  in 
various  parts  of  this  revision. 

A  large  number  of  new  illustrations,  both  photographs  and  drawings, 
have  been  added,  to  supplement  or  replace  the  old.  Prof.  Wood  has 
prepared  a  new  colored  plate  illustrating  lesions  of  the  blood. 

I  am  especially  indebted  to  Dr.  Larkin  for  the  use  of  many  of  his  ex- 
cellent preparations,  from  which  new  drawings  and  photographs  have  been 
made,  and  to  Dr.  Freeborn,  some  of  whose  valuable  preparations  of 
lesions  of  the  female  generative  oigans  I  have  also  used. 

The  excellence  of  the  many  photographs  which  have  been  reproduced 
in  the  text  is  due  in  this  as  in  former  editions  to  the  skill  of  Dr.  Edward 
Learning,  to  whom  I  am  much  indebted. 

T.  Mitchell  Peudden, 
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PART  I. 

as  METHOD  OP  MAKISG  POST-MOBTEM  EXAMDJATIOHSi 

-THE  LESIONS  IS   CERTAIN    POEMS  OP   DEATH   FEOM 

TIOLENCE     AND    SUDDEN     DEATH:— AND    THE 

METHODS    OP    PRESEEVING    AND   EXAMINING 

PATHOLOGICAL  TISSUES. 
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CHAPTER  I. 

THE  METHOD  OP    MAKINO    P08T-M0BTEM 
EXAMINATIONS. 

General  Considerations. 

The  object  in  making  a  post-mortem  examiuation  may  be  to  deter- 
mioe  whether  a  persou  baa  died  from  violence  or  poisoning ;  to  account 
for  a  sudden  death ;  or  to  Btudy  the  lesions  of  disease.  In  any  case  the 
examination  should  include  all  the  important  parts  of  the  body,  not 
merely  a  suspected  organ,  and  the  results  should  be  recorded  at  the  time 
the  examination  is  made. 

Great  care  is  necessary  in  endeavoring  to  ascertain  the  cause  of  death 
when  the  clinical  history  is  imiierfect  or  unknown.  Mechanical  injuries, 
which  destroy  life  by  abolishing  the  function  of  one  of  the  important 
viscera,  are  relatively  infrequent.  Most  of  the  lesions  found  after  death 
are  rather  the  marks  of  disease  than  the  cause  of  death.  We  do  not 
know,  for  example,  how  great,  a  degree  of  meningitis,  or  of  pneumonia, 
or  of  endocarditis,  or  of  cirrhosis,  or  of  nephritis  necessarily  lesids  to 
death.  On  the  contrary,  one  patient  may  recover  with  an  extent  of 
lesion  which  is  sufficient  to  destroy  the  life  of  another.  So  with  tun-i- 
dents;  there  is  often  no  evident  I'eason  why  fractures  of  the  skull  or  of 
the  pelvis  should  destroy  life,  yet  they  usually  do.  In  some  of  the  in- 
fectious diseases,  such  as  typhoid  fever,  the  visible  lesions  cannot  always 
be  called  the  cause  of  death.  Sudden  deaths  of  i>ersons  apparently  in 
good  health  are  often  particularly  obscure.  In  many  of  them  we  have 
to  acknowledge  that  we  can  find  no  sufficient  cause  for  the  death.  This 
is  of  course  due  to  our  imperfect  knowledge,  but  it  is  much  better  in 
snch  cases  to  avow  ignorance  than  to  attribute  the  death  to  some  trifling 
lesion.  The  brain  and  the  heart  are  tlie  organs  which  are  especially  cap- 
able of  giving  symptoms  during  life,  without  corresponding  lesions  after 
death.  Very  well-marked  enrtliac  or  cerebral  symptoms  may  continue 
for  days  or  months,  and  apparently  destroy  life,  and  yet  after  death 
we  find  no  corresponding  anatomical  changes.'  Bnt  it  should  be  re- 
membered that  recent  ad\'anees  in  our  knowledge  of  the  cell,  which  an 
improved  technique  in  hardening  and  preparation  has  greatly  fostered, 
have  already  shown  that  under  various  abnonnal  conditions  the  cells, 
especially  of  the  nervous  system,  may  undergo  morphological  changes  of 
great  significance,  without  perceptible  alteration  in  the  gross  appearance 
'Sci'  Suiiik'ii  Ik'utli.  |>ago48. 
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of  the  affected  part,  changes  which  even  the  microscopical  examinations 
of  the  paat  have  failed  to  disclose.  So  thai,  while  thei*  often  appears  to 
be  a  wide  discrepancy  between  symptoms  and  lesions,  with  the  increase 
of  knowledge  the  scope  of  this  disci-epancy  is  steadily  narrowing.  It  is 
the  novice  in  post-mortem  examinations  who  is  particularly  apt  to  mis- 
take for  lesions  ordinary*  post-mortem  alterations  or  the  effects  of  em- 
balming processes. 

External  Inspection. 

Before  commencing  the  examination  of  the  internal  viscera  an  inspec- 
tion should  be  made  of  the  external  surface  of  the  body.  The  minnte- 
uess  of  this  Inspection  will  depend  upon  the  character  of  the  case.  In 
the  case  of  an  unknown  person,  or  of  one  suspected  to  have  died  from 
unnatural  causes,  it  is  necessary  to  search  for  and  record  not  only  all 
contusions,  wounds,  etc.,  their  size,  situation,  and  condition,  but  also 
deformities  from  disease  and  any  physical  peculiarities  of  hair,  eyes, 
teeth,  moles,  etc.,  by  which  the  person  may  be  identified.  In  snch  cases 
it  is  well,  if  possible,  to  photograph,  weigh,  and  measure  the  body.  In 
cases  of  doubtful  identity  it  is  sometimes  wise  to  make  a  wax  or  plaster 
cast  of  the  outside  of  the  teeth  and  jaws.  In  ordinary  examiuations  we 
note  the  general  nutritive  condition  of  the  body,  and  look  for  evidences 
of  external  injury,  for  skin  diseases,  ulcers,  cedema,  gouty  deposits,  ab- 
scesses, enlarged  lymph  nodes,  etc.  The  external  organs  of  generation 
slioiild  be  searched  for  syphilitic  lesions. 

It  is  well  to  weigh  the  body,  since  the  significance  of  the  weight  of 
the  indiiidual  organs  is  often  closely  depiMident  upon  the  relationship 
of  their  weight  to  that  of  the  entire  body. 

Cadaveric  Lividity. — It  is  usinil  to  find  certain  changes  in  the  exter- 
nal appearances  of  the  body,  which  are  due  to  the  cessation  of  life  and 
the  commencement  of  decomposition.  \A'e  si>eak  now  of  bodies  which 
have  not  been  buried,  but  which  have  Ix'en  kept  in  the  ordinary  way, 
lying  on  the  back,  and  loosely  covered  with  a  shrond  or  dressed  with  the 
ordinary  clothing. 

After  life  becomes  extinct,  and  before  the  blood  copulates,  it  changes 
its  position  chieHy  in  two  ways:  first,  it  is  driven  by  their  contraction 
ont  of  the  arteries  into  the  veins;  si'cond,  it  settles  in  the  veins  and 
capillaries  of  the  more  de£)endent  part.s  of  the  body,  inducing  usually 
within  a  few  hours  aft<'r  death,  a  mottling  of  the  surface  with  irregular 
livid  patches.  Those  patches  may  coalesce,  forming  a  uniform  dusky- 
red  color  over  the  back  of  the  trunk,  head,  and  extremities,  and  some- 
times over  the  ears,  face,  and  neck.  The  same  effect  is  observed  on.  the 
anterior  aspect  of  the  body  if  it  hius  lain  on  the  face.  At  points  of  pres- 
sure, from  folds  in  the  clothing,  or  from  the  weight  of  the  body  on  the 
table,  the  I'cd  color  is  absent  or  less  marked.  These  changes  occnr  be- 
fore putrefaction  sets  in.  This  cadai-eric  li^-idity  or  hypostasis  should 
not  be  mistaken  for  ante-mortem  ecchjinosis,  from  which  it  may  usually 
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be  readily  distiugaiahed  by  its  positiou  and  extent,  by  the  fact  that  tbe 
Borface  of  tlie  skiu  is  not  elevated,  aud  by  the  fact  that  on  incisiou  uo 
blood  is  fouud  free  ia  tbe  interstices  of  tbe  tissues.  Not  infrequently 
tbe  Bubcutaneons  tissue  in  the  vicinity  of  these  post-mortem  hypostases 
becomes  infiltrated  with  reddish  serum.  Very  soou  after  death,  particu- 
larly in  wann  weather,  the  tissues  immediately  around  the  subcutaueous 
veins  of  the  neck  and  thorax,  and  in  other  situations,  may  become 
stained  of  a  bluish-red  color  from  the  decomposition  and  escape  from 
tbe  vessel  of  the  coloring  matter  of  the  blood.  If  the  epidermis  has 
been  detached  at  any  point,  the  skin  beneath  soon  liecomes  dry  aud 
brown. 

Pntrefactm  Changes. — Usually  in  from  one  to  three  days,  depending 
upon  eircumstauees,  a  greenish  discoloratiou  of  the  skin  appears,  at  first 
upon  tbe  middle  of  the  abdomen,  over  which  it  gradually  spreads,  assum- 
ing a  deeper  hue  aud  often  changiug  to  a  greenish  purple  or  browu. 
Greenish  patches  may  now  appear  on  diSerent  parts  of  the  body,  earliest 
upon  those  overlying  the  internal  cavities;  this  discoloration  is  prot>ably 
produced  by  the  action  on  tbe  bfemoglobiu  of  gases  developed  by  decom- 
position. The  eyeballs  now  become  fiaccid,  and  if  tbe  eyelids  are  not 
closed  tbe  conjunctiva  and  cornea  become  brown  and  dry.  Tbe  pressure 
of  gases  developed  by  decomiKeition  in  the  internal  cavities  not  infre- 
quently forces  a  greater  or  less  quantity  of  frothy,  reddish  fluid  or  mucus 
from  the  month  and  nostrils,  distends  the  abdomen,  and,  if  excessive, 
may  lead  to  ciianges  of  position  of  tbe  blood  in  the  vessels,  and  even  a 
moderate  amount  of  dLsplacement  of  tbe  internal  organs.' 

After  a  varying  period,  sometimes  within  five  or  six  days,  the  entire 
snrface  of  the  body  may  be  discolored,  green  or  brown.  Then  tbe  epi- 
dermis may  become  loosened  by  the  accumulation  of  gases  and  fluids  be- 
neath and  tbe  tissues  become  flaccid.  The  abdomen  may  be  greatly  dis- 
tended and  the  features  distorted  from  swelling.  The  rapidity  with 
which  these  changes*  ot^cnr  depends  upon  various  conditions.  Thus  aii 
elevated  temperature  abd  tbe  presence  of  air  and  moisture  hasten  the 
advent  and  progress  of  putrefaction. 

The  bodies  of  infants  usually  decompose  more  rapidly  than  those  of 
adults,  fat  t)odies  more  quickly  than  lean  ones.  The  infectious  diseases, 
intemperance,  and  the  puerperal  condition  promote  rapid  deoomposttion, 
as  does  also  death  from  sufTocating  gases.  Poisoning  by  arsenic,  alco- 
hol, antimony,  sulphuric  acid,  strychnin,  and  chloroform  may  retard  the 
progress  of  decomposition.  Burial  in  dry  soil  aud  submersion  in  water 
also  retard  the  progress  of  decay.' 


sLould  be  borne  in  mind.     Ste  p.  1  _ . . 

'  For  8  study  of  bacteria  in  the  blood  of  the  cadaver  see  Oltolengfii  y"KiK\ia.biea- 
schrift  f,  gerichtl.  mediein,  Bd.  iv.,  i^uppl. ;  see  also  linbea,  "I^s  maladies  Infectieiisea 
en  m^decine  legale,"  Annales  d'Hygi^ne  Publiqiit',  IMai-ch.  1S99. 

CoBceraing  the  conversion  of  tlie  body  into  arlipoccre.  see  Eaing,  Peterson  and 
Haines'  "Teit-boolt  of  Legal  Medicine,''  vol.  i,,  p.  lac. 
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Cooling  of  the  Body. — After  death  the  chemical  changes  upon  which 
the  maiutenance  of  the  teiiiperatttre  depencU  rapidly  dimiuish,  and  the 
body  gradually  cools  to  the  temperatare  of  the  surrouDding  meditim. 
This  usually  occurs  iu  from  about  fifteen  to  twenty  hours,  but  the  time 
required  depends  upou  a  variety  of  conditions.  Immediately  aft«r  death 
there  is,  in  uearly  all  cases,  a  slight  elevation  of  internal  temperature, 
owing  to  the  fact  that  the  metabolic  changes  in  the  tissues  still  continue 
for  a  time,  while  the  blood  ceases  to  be  cooled  by  passing  through  the 
lungs  aud  peripheral  capillaries.  After  death  from  certain  diseases — 
yellow  fever,  eholera,_rheumatic  fever,  and  tetanus — a  considerable  ele- 
vation of  internal  temperature  has  been  repeatedly  observed.  The  time 
occupied  by  the  cooling  of  the  body  may  be  prolonged  after  sudden  death 
from  accidents,  acute  diseases,  apoplexy,  and  asphyxia.  A  number  of 
cases  is  recorded  in  which  the  body  retained  its  heat  for  several  days, 
without  known  cause. 

After  death  from  wasting  chronic  disease,  and  in  some  cases  after 
severe  hiemorrbages,  the  cooling  of  the  body  is  very  rapid,  the  internal 
temperature  being  reduced  to  that  of  the  surrounding  air  within  four  or 
five  hours.  Fat  bodies  cool  less  quickly  than  lean  ones,  the  bodies  of 
well -nourished  adults  less  quickly  than  those  of  children  or  old  persons. 
The  temperature  of  the  surrounding  medium,  the  degree  of  protection  of 
the  body  from  currents  of  air,  of  course,  modify  the  progress  of 
cooling;  aud  the  interaal  oi^ans  naturally  retain  their  heat  longer  than 
the  surface  of  the  body.  The  rate  at  which  cooling  occurs  is  most  rapid, 
as  a  rule,  during  the  hours  immediately  following  death,  notwithstand- 
ing the  post-mortem  rise  which  may  ensue. 

It  will  thus  be  seen  that,  if  required  to  pronounce  upon  the  time 
which  has  elapsed  siuce  death  in  a  given  case,  we  can  do  so  only  approxi- 
mately. It  is  necessary  to  take  into  account  all  of  the  above-mentioned 
conditions  which  mo<lify  the  rate  of  cooling  of  the  body,  and  then  we 
may  be  able  to  state  only  the  probabilities  of  the  case.  It  is  furthermore 
unsafe  in  any  case  to  infer  the  cause  of  death  from  the  rate  of  cooling  of 
the  body. 

Rigoi  Hortis. — Death  is  usually  succeeded  immediately  by  a  period  of 
complete  muscular  relaxation.  The  jaw  drops  and  the  limbs  become 
flaccid.  The  muscles  may  retain  for  two  or  three  hours,  however,  the 
capacity  of  contracting,  on  the  application  of  appropriate  stimuli.  On 
the  average,  within  six  hours  the  muscles  become  firm  and  rigid.  This 
post-mortem  rigidity  is  called  rigor  mortis.  On  the  occurrence  of  the 
rigor  mortis  the  muscles  become  fixed  in  whatever  position  they  may 
have  had  at  the  time  of  its  occurrence.  It  usually  begins  in  the  muscles 
of  the  eyelids,  extends  to  those  of  the  back  of  the  ueck  aud  lower  jaw, 
theu  to  the  face  and  neck,  and  thence  pa.ssing  downward  affects  the  mus- 
cles of  the  thorax  and  lower  extremities.  It  usually  disappears  in  the 
same  order.  Although  commencing  on  the  average  sis  hours  after  death, 
it  may  set  in  at  once  or  be  delayed  for  twenty-four  hours  or  more.     It 
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may  pass  off  very  rapidly,  in  rare  caees  ill  from  one  to  three  hoars;  or 
it  may  persist  for  tvo  or  three  weeks  or  longer.  It  may  be  said  in  gen- 
eral that  the  average  time  of  its  disappearance  is  witbio  twenty-four  or 
forty-eight  hoars  after  its  occarrence,  depending  on  temperature,  its 
intensity,  the  mode  of  death,  the  period  of  its  advent,  etc.  Caspar 
states  that  in  foetases  before  term  he  has  never  observed  rigidity,  and 
that  in  yonng  children  it  is  feeble  and  of  short  daration.  Its  occurrence 
and  phenomena  may  be  in  some  cases  of  the  highest  medico-legal  imjwr- 
tance;  but  its  careful  observation  does  not,  with  our  present  knowledge 
of  its  significance,  appear  essentially  to  further  the  aims  of  the  practical 
pathologist. ' 

Contuioiu. — It  is  often  important  to  determine  whether  violence  has 
been  inflicted  upon  a  body  before  death.  In  regard  to  this  i>oint,  we 
must  rememt>er,  first,  that  blows  and  falls  of  sufBcient  violeace  to  frac- 
ture bones  and  rupture  the  viscera  may  leave  no  marks  on  the  skin,  even 
thongli  the  person  has  survived  for  several  days;  and,  second,  that  there 
are  post-mortem  appearances  which  simulate  ante-mortem  bruises.  A 
severe  contusion  during  life  may  present,  at  first,  uo  mark  or  only  a 
general  redness.  After  a  short  time  the  injured  part  becomes  swollen 
and  of  a  red  color;  this  color  may  be  succeeded  by  a  dark  blue,  and  this 
in  turn  fade  into  a  greenish  yellow  or  yellow ;  these  later  appearances 
are  due  to  an  escape  of  blood  from  the  vessels  and  to  a  subsequeut  de- 
composition of  hiemoglobin.  If  therefore  we  cut  into  such  au  ecchy- 
mosis  after  death,  we  find  extravasated  blood  or  the  coloring  matter  of 
the  blood,  in  the  form  of  pigment  granules,  free  in  the  tissues.  Post- 
mortem discoloratious,  ou  the  other  band,  although  their  external  ap- 
pearance may  resemble  that  of  ante-mortem  eccbymosis,  are  not  formed 
by  an  extravasation  of  blood,  but  by  a  circumscribed  congestion  of  the 
vessels  or  by  an  escape  of  blood-stained  serum.  If  we  cut  into  such  dis- 
colorations,  therefore,  we  find  no  blood  outside  the  vessels.  Care  should 
be  taken  not  to  mistake  the  lesions  of  hiemorrhagic  infection  for  trau- 
matic ecchymoses. 

Blows  ou  the  skin  of  a  body  which  has  been  dead  for  not  more  than 
about  two  hours  may  produce  true  eccbjTnoses  with  extravasation  of 
blood,  such  as  can  be  distiuguisbed  with  great  difficulty  or  not  at  all 
from  those  formed  during  life.  If  putrefactive  changes  be  present,  the 
difficulty  of  distinguishing  between  ante-mortem  and  post-mortem  bruises 
is  greatly  enhanced. 

Hanging  and  strangulation  are  attended  with  the  formation  of  marks 
on  the  neck  which  are  described  in  works  on  forensic  me<Ucine,  These 
marks  must  not  be  confounded  with  the  natural  creases  of  the  skin  of 
the  neck.  Many  adults  during  life  have  ci-eascs  of  the  skin  of  the  neck, 
one  or  more  in  number,  running  downward  from  the  ear  under  the  chin 
or  encircling  the  neck.     After  death  these  creases  may  t>e  much  more 

'  For  further  details  concerning  rigor  mortis,  putrefactive  chnugeB,  particularly  the 
later  stages,  and  tlie  phenomena  of  cooling  of  tlie  body,  see  Tidp.  "Legal  Medicine," 
vol.  i.,  or  other  works  on  medical  jurispnidence. 


Digitized  byGoOgIC 


8  THE  METHOD  OF  MAKING  P08T-MOBTEM  EXAMINATIONS. 

evideDt  than  daring  life,  and  may  be  rendered  more  decided  by  the  posi- 
tion of  the  head  and  the  freezing  of  the  body.  They  nsnalty  persiBt 
until  the  skin  putrefies. 

Woundi. — We  shoald  notice  the  sitnation,  extent,  and  direction  of  a 
vound,  the  condition  of  ita  edges  and  the  surrounding  tissnes.  If  it  be 
a  deep,  penetrating  wound,  ita  course  and  extent  aliould  be  ascertained  by 
careful  dissection  rather  than  by  the  use  of  a  probe. 

If  the  edges  of  a  wound  be  Inflamed  and  suppurating,  or  commencing 
to  cicatrize,  it  must  have  been  inflicled  some  time  before  death.  lu  a 
wound  inflicted  a  short  time  before  death,  the  edges  are  usually  everted ; 
there  may  be  more  or  less  extravasation  of  blood  into  the  surronndiug 
tissues,  and  the  vessels  contain  coagula;  but  sometimes  none  of  these 
changes  are  observed.  The  chief  characteristics  of  a  wound  inflicted 
after  death  are  absence  of  a  considerable  amount  of  bleeding,  non-re- 
traction of  the  edges,  and  the  absence  of  extravasation  of  blood  into  the 
tissues.  But  a  wound  inflicted  witbin  two  hours  after  death  may  resem 
ble  very  closely  one  received  during  life.  In  general,  unless  a  wound  is 
old  enough  for  its  edges  to  present  inflammatory  changes,  we  must  be 
very  careful  in  asserting  its  ante-mortem  or  post-mortem  character. 

Fractnrei. — It  may  be  important  to  detennine  whether  a  bone  was 
fractured  before  or  after  death.  This  point  cannot  always  be  decided. 
Fractures  iuflicted  during  life  are,  as  a  rule,  attended  with  more  extrava- 
sation of  blood  and  evidences  of  reaction  in  the  surrounding  tissues;  bnt 
fractures  produced  within  a  few  hours  after  death  may  resemble  these 
very  closely.  Usually  a  greater  degree  of  force  is  uecessary  to  fracture 
bones  in  the  dead  than  in  the  liviug  body. 

Boan  and  Tattoo  Harks. — The  presence  and  character  of  cicatrices 
should  be  noticed.  Scars  produired  by  any  considerable  loss  of  substance 
may  become  very  much  smaller  and  less  conspicuous,  bnt  never  entirely 
disappear.  Slight  and  superficial  wounds,  however,  leave  marks  which 
may  not'  be  permanent.  The  discoloration  produced  by  tattooiug  may, 
althot^b  it  rarely  does,  disappear  during  life. 

Internal  Examination.' 

After  completing  the  external  inspection  of  the  body,  we  commence 
the  internal  examination.  In  order  that  this  examination  may  be  made 
both  thoroughly  and  rapidly,  we  should  follow  a  regular  method.  The 
method  should  be  such  as  will  enable  us  to  examiue  the  relations  of  parts 
to  oue  another,  without  seriously  disturbing  them,  and  to  remove  and 
inspect  the  organs  in  such  an  order  and  manner  as  will  not  interfere  with 
the  examination  of  parts  which  are  to  follow.  In  certain  cases  it  may 
be  uecessary  to  depart  from  the  regular  method;  but,  as  a  rule,  the 
following  plan  will  be  found  most  advantageous. 

■  Absolute  and  relative  d/cs  and  weigbts  of  various  parts  aod  orgaos  of  (tie  body, 
aod  much  other  valuable  statistical  data,  maj*  be  found  in  FiVronW » "  Analomische, 
Physiol ogischp  und  Pliyaikalischi'  Daten  und  Tabelleu." 
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It  is  important  to  remember  the  differeDce  between  the  distribution 
of  the  blood  in  the  body  during  life  and  after  death.  Dnring  life  the 
blood  is  in  constant  motion  and  is  distribated  in  a  regular  way  in  the 
heart,  capillaries,  arteries,  and  veins.  Inflammations  and  obstructions 
to  the  circulation  may  disturb  this  natural  distribution  and  produce  con- 
gestion of  particular  parts  of  the  body.  After  death  the  blood  ceases  to 
circulate ;  it  leaves  the  left  cavities  of  the  heart,  the  arteries  and  capil- 
laries, and  collects  in  the  veins  and  the  right  cavities  of  the  heart.  Ac- 
cording to  the  character  of  the  disease  which  causes  death,  coa^^ation 
of  the  blood  takes  place  more  or  less  exteusively  and  at  an  earlier  or 
later  period.  The  local  congestions  which  existed  during  life  often  dis- 
appear after  death.  On  the  other  haud,  local  congestions  are  found  after 
death  which  did  not  exist  during  life.  Thus,  after  death  the  scalp  often 
contains  a  large  amount  of  venous  blood.  The  veins  of  the  pia  mater 
and  the  sinuses  of  the  dura  mater  may  be  filled  with  blood.  The  mucous 
membrane  of  the  larynx  and  trachea  may  appear  to  be  deeply  congested. 
The  lungs  are  congested  if  the  patient  has  been  comatose  for  some  hours 
before  death.  All  the  tissues  of  the  back  aud  the  membranes  of  the 
spinal  cord  are  often  gorged  with  venous  blood.  The  right  auricle  and 
ventricle  of  the  heart  may  contain  fluid  or  clotted  blood  in  considerable 
quantity. 

THE  HEAD. 

The  scalp  is  divided  by  an  incision  across  the  vertex,  from  ear  to  ear. 
The  flaps  are  dissected  forward  and  backward,  taking  up  the  temporal 
muscles  with  the  skin  and  leaving  the  pericranium  attached  to  the  bone. 
The  internal  surface  of  the  scalp  aud  the  pericranium  are  to  be  searched 
for  ecchymoses  and  inflammatory  lesions. 

A  circular  incision  is  now  made  through  the  cranium  with  a  saw. 
The  incision  should,  in  front,  pass  throngh  a  point  atwut  three  and  one- 
half  inches  abo^'e  the  bridge  of  the  nose ;  behind,  through  the  occipital 
protuberance.  Care  should  be  taken  not  to  cut  through  the  dura  mater 
with  the  saw.  When  the  roof  of  the  cranium  is  thus  entirely  loosened, 
a  stout  hook  is  introduced  under  the  upper  edge  of  the  calvarium,  and 
this  is  wrenched  oft'  with  a  jerk. 

Sometimes  the  dura  mater  is  so  firmly  adherent  to  the  calvarium  that 
the  latter  cannot  be  torn  from  it  without  injury  to  the  brain.  In  this 
case,  aud  also  if  the  dura  mater  should  have  been  accidentally  cut 
through  by  the  saw  in  making  the  circular  incisiou,  the  dura  mater  may 
be  cut  through  at  the  level  of  the  cranial  incision,  aud  the  brain  removed 
with  the  calvarium  and  separated  afterward.  Or,  which  is  better,  in 
addition  to  the  circular  incision,  a  longitudinal  incision  is  made,  from 
front  to  t>ack,  about  three-quarters  of  an  inch  to  one  side  of  the  median 
line  of  the  skull,  and  a  segment  of  ttone  removed.  The  knife  blade  may 
now  be  inserted  from  the  open  side,  and  the  dura  cut  away  from  the 
skull-cap  along  the  line  of  the  longitudinal  sinus,  where  the  adhesions  are 
apt  to  be  most  firm. 
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We  should  notice  whether  or  not  the  eaJvariam  is  symmetrical.  The 
craDial  bones  increase  in  size  by  a  growth  of  bone  at  the  edges  of  the  su- 
tures. If  any  suture  become  completely  ossified  and  closed  prematurely, 
the  bones  will  be  unequally  developed.  The  thickness  and  density  of 
the  cranial  bones  vary  eonsidei-ably  within  the  limits  of  health.  There 
are  often  deep  depressions  on  the  inner  surface  of  the  skull  along  the 
sagittal  suture,  caused  by  the  pressure  of  the  Facchioniaa  bodies,  and  of 
no  pathological  significance.  We  should  observe  the  blood  content  of 
the  bone,  determine  the  existence  or  absence  of  fractures,  inflammatory 
lesions,  exostost^s,  etc. 

The  Sara  Mater  is  now  exposed.  It  is  more  or  less  adherent  to  the 
calvarium ;  a  moderate  amount  of  adherence,  especially  in  old  persons, 
does  not  denote  disease.  Verj-  extensive  and  firm  adhesions  are  usually 
produced  by  infiammatiou.  Near  the  median  line  the  Pacchionian  bodies 
often  project  through  the  dura  mater  and  may  produce  indentations  in 
the  internal  surface  of  the  calvarium.  We  must  look  for  clots  and  for 
tumors  and  for  inflammatory  lesions  on  the  external  surface  of  the  dura 
mater.  The  longitudinal  sinus  should  be  laid  open  and  its  contents  ex- 
amined. A  circular  incision  is  then  made  through  the  dura  mater  in  a 
line  corresponding  to  the  cranial  incision ;  the  falx  is  divided  between 
the  anterior  lobes  of  the  brain,  and  the  entire  membrane  drawn  back. 
We  should  observe  the  existence  of  abnormal  adhesions  of  the  dura  mater 
to  the  pia  mater,  bearing  in  mind  that  a  moderate  amount  of  adhesion 
along  the  longitudinal  fissure  is  normal.  The  internal  surface  of  the 
dura  mater  is  to  be  examined  for  the  producte  of  inflammation  and  for 
tumors. 

The  Ka  Mater  covering  the  convex  surface  of  the  brain  is  now  ex- 
posed. The  degree  of  congestion,  and  the  existence  of  serum,  pus,  or 
blood,  beneath,  within,  or  upon  it,  are  now  to  be  ascertained  before  the 
brain  is  removed.  The  pia  mater  in  old  persons  frequently  loses  its 
transparency  and  becomes  thick  and  white;  this  change  is  most  marked 
along  the  longitudinal  fi-s^ure  and  large  vessels.  Marked  and  general 
thickening  of  the  pia  mater  is  the  result  of  chronic  inflammation.  Along 
the  longitudinal  fissure,  and  sometimes  at  a  considerable  distance  from  it, 
we  usually  find  small,  elevated,  whitish  nodules,  which  are  the  Pacchio- 
nian botlifn  and  are  normal  in  the  adult. 

The  amount  of  serum  beneath  the  pia  mater  varies,  A  considerable 
amount,  especially  in  csK-hectic  persons,  may  exist  without  brain  disease. 
Clear  serum,  raising  the  pia  mater  and  separating  the  convolutions  of  the 
brain,  may  be  simply  dropsical  or  due  to  chronic  meningitis.  Turbid 
and  purulent  serum,  beneath  and  in  the  pia  mater,  is  due  to  acute 
or  chronic  meningitis.  The  degree  of  flatness  of  the  .surface  of  the 
convolutions  should  be  observed  before  removing  the  brain ;  for,  when 
markeil,  it  affords  an  important  indication  of  pressure,  from  htemorr- 
hage,  inflammator>-  products,  internal  fluid  effnsions,  and  tumors.  The 
pia  mater  should  be  carefully  examined  for  miliary  tubercles. 

The  Brain. — After  examining  the  convex  surface  of  the  brain,  the  an- 
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terior  lobes  of  the  cerebrum  are  to  be  pulled  gently  backward,  the 
nerves,  vessels,  and  tentorium  severed,  aud  the  medulla  cut  squarely 
across,  as  low  down  as  possible.  The  braiu  is  now  removed  from  the 
cranium  by  passing  the  fingers  of  one  hand  down,  beneath,  and  behind 
the  lobes  of  the  cerebeUutn,  and  drawing  the  brain  out,  supporting  the 
convexity  with  the  other  hand. 

The  adult  brain  in  the  male  weighs  on  the  average  about  1,400  grams; 
that  of  the  female,  about  155  grams  less.     The  average  proportional 
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weight  of  the  brain  to  that  of  the  body  is  about  one-forty -fifth,  although 
in  this,  as  in  the  absolute  weight,  there  is  considerable  variation. 

The  exact  situation  of  any  lesion  which  i.s  apparent  externally  should 
be  described  by  its  relation  to  the'  lobes,  fissures,  convolutions,  and  sulci 
(Fig.  1). 

The  brain  is  first  laid  upon  its  convex  surface,  and  the  anterior,  mid- 
dle, and  posterior  cerebral  arteries,  as  well  as  the  basilar  and  the 
carotids,  are  to  be  examined  for  emboli,  thrombi,  atheroma,  and  aneur- 
isms. Evidence  of  extravasations  of  blood,  tumors,  and  inflammatory 
lesions  are  now  to  be  looked  for.  The  braiu  is  next  turned  over  on  to 
its  base.  An  incision  is  made  through  the  pia  mater,  over  the  convex 
surface  of  the  cerebrum.  The  membrane  is  stripped  up,  and  its  adher- 
ence to  the  brain  and  its  thickness  ai'e  noted. 

The  moie  common  motliod  of  opening  the  brain  is  as  follows:  The 
halves  of  the  cerebrum  are  to  be  separated  until  the  superior  surface  of 
the  corpus  callosnm  is  exposed  {Fig.  2).  A  longitudinal  incision  is 
made  through  the  junction  of  the  corpus  callosum  and  the  cerebrum,  aud 
downward  into  the  ventricle.  The  incision  should  be  made  carefully,  so 
as  not  to  cut  through  the  ventricle  into  the  ganglia  below.    The  incision 
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tlius  made  through  the  roof  of  the  ventricle  ia  proloiiged  backward  aud 
forward  in  the  direction  of  the  comua,  so  as  to  expose  the  entire  ventri-  ' 
cle.  A  longitudinal  incision  is  then  niade  outward  and  backward  into 
the  hemisphere,  from  the  outer  edge  of  the  lateral  ^■entricle  nearly  to 
the  pia  mater.  A  second  incision  is  then  made  through  this  cut  surface 
ontward,  and  this  is  repeated  until  the  hemisphere  is  divided  into  a 


FlO.  B.-METHOD  OF  OPENINU  THi:    BRAIN,  SHOWlMi    THK    DIKECUON    01'  FIEST  INCTSION, 

number  of  long,  prism-shaped  pieces,  held  together  by  tlie  pia  mater 
aud  a  small  portion  of  the  cortex.  The  brain  is  now  turned  aionnd  so 
as  to  bring  the  other  hemisphere  under  the  hand,  and  the  operation  is 
repeated  on  the  other  side. 

The  size,  shap*-,  and  contents  of  the  ventricles  should  hf  noticed,  and 
the  thickness  and  appearance  of  the  epeudyma. 

The  fornix  and  the  central  portion  of  the  corpus  callosnm  are  cut 
across  by  passing  the  point  of  the  knife  through  the  foramen  of  Munro 
and  cutting  upward.  They  are  then  drawn  backward,  one  of  the  pos- 
terior cornua  of  the  fornix  being  severed  and  laid  to  one  side.     The 
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velum  iuterposituni  and  the  choroid  plexus  are  now  dissected  up,  the 
blood  contents  and  the  genei-al  appearance  noted,  and  the  third  veutrick 
examined.  Not  infrequently  small  cysts  of  the  choroid  are  fotiad,  which 
seem  to  have  little  or  no  patholi^ical  siguificance. 

The  fourth  ventricle  is  now  o{)ened  by  a  longitudinal  incision  througb 
the  vermiform  process.  Each  hemisphere  of  the  cerebellum  is  divided 
first  into  two  parts,  by  an  incision  throngb  the  upper  and  inner  convex 
border,  and  then  each  segment  is  farther  divided  by  incisions  iu  the 
same  direction. 

Thin  transverse  sections  are  now  made  through  the  cerebral  ganglia, 
commeucing  iu  front  (Fig.  3).     The  ganglia  are  supported,  and  the  sec- 


Fra.  3.— MtTHon  01 
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tions  caused  to  fall  apart  as  they  are  cut,  by  carrying  the  fingers  of  one. 
hand  under  the  brain,  and  gently  lifting  the  ganglia  at  points  jnst  be- 
neath where  the  sections  arc  made.  It  is  important  to  observe  the  exact 
position  of  any  lesion  which  may  be  discovered  in  the  cerebral  ganglia, 
their  relatious  to  the  external  and  internal  capsule  and  to  the  caudate 
and  lenticular  nuclei. 

Finally,  the  segments  of  the  cerebrum  and  cerebellum  are  folded  up 
together  into  their  original  positions,  the  whole  is  turned  over  on  to  the 
vertex,  and  thin  sections  are  made  through  the  medulla.  Small  clots  in 
the  medulla  should  not  be  overlooked. 

In  case  of  the  discovery  of  apoplectic  clots,  areas  of  softening,  etc., 
either  iu  the  hemispheres  or  in  the  basal  ganglia,  after  their  location  and 
extent  are  determined,  they  should  be  carefully  searched  for  lesions  of 
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the  blood-vessels,  miuute  aDeurisms,  areas  of  degeueratioo,  and  rup- 
tures. For  this  purpose  it  may  be  ueeessary  to  allow  a  stream  of  water 
to  ruii  over  the  affected  portion,  so  as  to  wash  out  the  braiu  substauce 
and  expose  the  vessels.  In  some  cases  the  blood-vessels  are  best  exposed 
by  macerating  the  brain  tissue  at  the  seat  of  the  lesion  for  some  hours  iu 
water,  and  then  washing  out  the  braiu  substance  under  the  faucet. 

WTiile  the  above  mode  of  dissecting  the  brain  gives  a  verj'  complete 
view  of  the  seat  aud  extent  of  lesions  in  general,  when  a  more  exact 
localization  of  lesions  with  a  microscopic  examination  is  to  be  made,  the 
following — called  Meynert's  method — ia  a  better  method  of  opening  the 
brain : 

After  completing  the  external  examination,  as  detailed  above,  the 
brain  is  laid  on  its  vertex,  the  cerebellar  end  toward  the  operator.     The 
cei-ebellum  is  raised  by  the 
fiugei-s  of  the  left  hand,  and 
the   pia  cut  through   along 
the    sides    of    the    corpora 
quadrigeraina,    around    the 
crura  aud   along  the  inner 
-    margius    of     the    temporal 
'  lobes,  to  the  middle  cerebral 
=  artery  on  both  sides  (Fig.  -t). 
Then,  raising  the   temporal 
lobes,     in     turn,    by    their 
apices,  the  piaiscut  through 
along  the  course  of  the  mid- 
dle cerebral  ai-tery  into  the 
Sylvian    fissure,   and  along 
the  eoui-se  of  its  postei-ior 
branch    to    its  end.     Now, 
Fio.4.-8cMEM*TicPiCTCRKorBR*LN.aiiow,NOTHKMi:TH-     dnvwiug  tho  temporal  lobes 


, KBA9E(Mi-y„. ™,. 

4  F.  Temporal  lotea  timied  Wkward  and oulWBrt ;  A       0"«  ^fter   the   Other  Upward 
B.-1C,  fl  A  line  otlnciBlon  to  remove  laaalptet.  and  OUtward,  their  jUUCtioU 

with  the  ba.se  is  cut,  the 
knife  being  held  horizontally  so  as  not  to  injure  the  ba'^1  ganglia,  until 
the  descending  hora  is  opened.  The  point  of  the  knife  being  in  the 
descending  horn,  the  incision  tlirough  the  bniin  substance  then  passes 
outward  and  backward  well  into  the  posterior  horn,  tints  partially  sever- 
ing, at  the  lateral  surface  of  the  brain,  the  junction  of  the  occipital  and 
temporal  lobes.  The  fcmponil  lobes  are  then  turned  outwaitl  and  back- 
ward (Fig,  4). 

The  operculum  is  now  pulled  well  outward,  completely  exposing  the 
island  of  Eeit,  and  a  slightly  curved  transverse  incision  is  made,  deep 
enough  to  pass  into  the  anterior  horns  of  the  ventricles,  connecting  the 
anterior  sulci  of  the  island  of  Reil  (Fig.  4,  A,  B). 

Now  raising  the  ccrebellnm  and  inserting  the  point  of  the  knife  into 
the  ventricle,  with  short  incisions  from  within  outward,  cut  throi^h  tho 


vCcJO'^lc 


THE  METHOD  OF  MAKING  POSTMORTEM  EXAMINATIONS.  15 

internal  capsule  on  either  side  from  back  to  front  (Fig.  4,  C  A  and  D  B) 
care  being  taken  not  to  injure  the  basal  ganglia.     Then  cut  across  the 
crura  of  the  fornix  and  the  septum  lucidum, 
leading  the  fornix  lying  on  the   corpus  cal- 
losnm. 

The  square  basal  piece  (Pig.  5)  thus  freed 
— the  brain  aim — includes  the  island  of  Eeil, 
the  basal  ganglia,  the  crura,  pons,  medulla, 
and  cerebellum.  The  remaining  portion — 
the  brain  mantle — includes  the  convolutions, 
corpus  callosum,  and  fornix  (Fig.  6). 

The  basal  piece  may  be  further  e.'samined 
by  a  series  of  transverse  incisions,  from  one- 
half  to  three-quarters  of  an  inch  apart,  and  it     „     ,    „ 

,  ^    ,      .  ,  .  ,  .  ,  Fio.6.— The  Bratm  axis  Sep*- 

may  be  hardeneu  either  with  or  without  the  rated  froh  the  dbain  mantlk, 
cerebellum.      The    convolutions  may  be    cut  **  ^"^^  '"'"'  *=*>'"''■ 
into  small  pieces  by  longitudinal  and  ti-ausverse  incisions,  made  from 
within  and  not  reaching  quite  to  the  pia  mater,  which  will  then  serve 
to  hold  the  pieces  together  in  their  proper  relations  to  one  another.' 


The  Base  of  the  Craniam. — We  now  return  to  the  skull.  The  re- 
maining sinuses  of  the  dura  mater  should  be  opened,  and  this  membrane 
then  entirely  stripped  from  the  bone.     The  bones  at  the  base  of  the  skull 
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are  to  be  examined  for  fractures,  inflammatory  lesioiis,  aud  tumors.  In 
cases  of  acute  purulent  meiiiugitis,  the  temporal  aud  frontal  bones  should 
be  carefully  examined,  as  tbe  inflammatory  process  is  sometimes  trans- 
mitted from  the  internal  ear,  or  mastoid  cells,  or  frontal  sinuses. 

The  eyes  may  be  removed  by  breaking  the  roof  of  the  orbit  with  a 
hammer,  removing  the  fragments  of  bone,  and  dissecting  away  bone  and 
muscles,  so  as  to  expose  the  optic  nerve  and  jKisterior  segment  of  the 
eye.  That  portion  of  the  globe  which  is  not  covered  by  conjunctiva  can 
now  be  cut  away  with  scissors  and  removeil  with  the  optic  nerve,  or, 
when  permissible,  the  whole  eye  may  be  cut  out^ 

The  examination  of  the  internal  ear  may  be  made  by  removing  its 
entire  bony  encasement  with  the  saw  and  chisel,  or  by  the  exposure  of 
special  parts  by  hammer  and  chisel,  aud  by  suitable  opening  of  the  re- 
moved parts  with  a  fine  saw. 

Hardbmns  and  Preservation  op  the  Tissues  for  Microscopical  Examination. 

For  the  study  of  tiimon  aud  iajlammaloi-y  Unions  of  tbe  bones  of  the  akull  and 
ossificatiuDS  of  tbe  dura  mater  and  pin  mater,  the  affected  portions  should  be  cut  into 
small  pieces,  fixed  in  tive-per-ceDt.  formalin  or  in  Orth's  fluid,  see  page  53.  and  decalci- 
fied. The  dura  mater  should  be  stretched  oo  a  flat  piece  of  wood  or  cork  with  pins, 
before  hardening.' 

Tlie  pia  mater  Is  so  delicate  that  if  it  he  separated  from  the  brain  when  quite  fresh 
Its  tissues  are  apt  to  Iw  iujurcd.  Tbe  portions  of  the  pia  niater  which  are  lo  be  pre- 
served should  tlierefore  be  removed  by  cutting  off  slices  of  tlie  brain  substance  about 
half  an  inch  thick,  with  tbe  membrane  still  attached,  and  placing  the  whole  in  Orth's 
fluid.  After  twenty-four  hours,  the  pia  mater  will  liave  become  sulflciently  hard  to 
permit  of  its  tteiug  stripped  off  without  injury,  and  it  is  then  spread  loosely  on  a  flat 
cork  with  pins,  tlie  free  surface  outward,  and  the  cork  floated,  specimen  side  down,  in 
eighty -per-cent  alcohol,  changing  lo  strong  alcohol  after  twenty -four  hours. 

When  sections  are  required  showing  the  pia  in  its  relationship  to  the  underlyiug 
brain  tissue,  small  blocks  of  the  brain  and  pia  together  should  Xx  cut  out  and  liardened 
in  Orth's  fluid  or  in  formalin  (5  :  100)  solution  (see  pagf  58). 

When  ihc  ependyvia,  is  to  be  studied  apart  from  the  associated  uerve  tissue,  it  may 
be  sliced  off  with  a  sufficient  quantity  of  underlying  brain  substance  to  prevent  its  fold- 
ing, and  hardened  in  Orth's  fluid.  The  biviiii.  for  general  purposes,  may  be  hardened 
in  Ortb's  fluid  or  in  fivc-per-cent  formalin.  The  pieces  of  brain  tissue  should  not  be 
more  than  1  cm.  thick;  it  is  better  if  they  are  thinner  than  this.  They  should  be  sus- 
pended in  gauze  or  rest  upon  a  layer  of  absorbent  cotton  on  the  bottom  of  the  jar.  the 
pieces.  If  these  are  numerous,  licing  held  apart  by  a  little  cotton.  Thus  the  preserva- 
tive fluid  which  should  be  abundant,  Is  In  contact  with  the  surfaces  of  the  pieces  of 
tissue.  Ordinarily,  with  a  change  of  fluid  on  the  second  day,  the  fixation  by  formalin 
or  Orth's  fluid  is  complete  in  a  week,  when  the  fixatives  are  thoroughly  washed  outand 
replaced  by  flfty-per-cent  alcohol,  which,  in  turn,  is  replaced  after  forty -eight  liours  by 
eighty -percent  or  by  ulnty-flve-per-cent  alcohol. 

When  degdifraiioii  In  nerves  is  to  be  studied,  the  specimens  of  nerve  tissue  may, 
by  Marchi's  method,  be  hardened  for  a  week  in  Muller's  fluid,  and  then  transferred  to 
the  following  solution.- 

HDIIcr's  fluid,  3  parts. 

Osmie  acid,  one  per  cent 1  part. 

After  a  week  the  specimens  arc  washed  and  transferred  to  ninety -flv^-per-cet:t 

'  Por  details  of  the  methods  of  hardening,  decalcifying,  staining,  etc.,  see  page  01. 
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alcohol.  In  such  specimeiiB  the  fat  droplets  in  the  degenerate  areas  arc  black,  while 
tbe  ni)'cliD  is  yellowish  in  color. 

Certain  leaioos,  particularly  the  Boftenings  of  the  brain,  are  best  studied  by  teasing. 
when  fresh,  in  one-half- percent  solution  of  sodium  chloride,  or  in  frozen  sections  of  tbe 
fresh  tissue.  The  blood-vessels  may  be  stretched  on  cork  with  pins  and  hardened  with 
Orth's  fluid  or  fonnalin.  The  eye  and  portion  of  tbe  optic  nerve,  if  removed,  should 
be  fixed  by  Orth's  fluid  and  the  hardening  completed  by  alcohol. 

For  many  methods  of  Bxation  and  study  which  are  useful  for  special  purposes,  we 
refer  to  special  works  on  tecbnique. 

THE  SFHTAL  COBD. 

The  examination  of  the  spinal  cord  is  usually  most  conveniently  made 
after  the  removal  of  the  brain. 

The  body  should  be  placed  face  doTUTard,  with  a  block  under  the 
thorax  and  the  head  hanging  over  the  edge  of  the  table.  An  incision  is 
made  through  the  skiu  aud  muscles  along  the  entire  length  of  the  spine, 
and  the  soft  parts  are  dissected  away  on  each  side  so  as  to  expose  the 
lamiuiB  of  the  vertebral  column.  The  laminie  are  then  divided,  close 
within  the  articular  processes,  with  the  saw. 

The  saw  should  be  so  directed  in  severing  the  laminie  that  the  inci- 
sion shall  touch  the  outer  border  of  the  spinal  canal,  as  otherwise  the 
laminae  and  spinous  processes  are  not  easily  separated.  Great  care 
should  be  taken  on  the  one  haud  not  to  injure  the  cord  with  the  saw, 
and  on  the  other  completely  to  loosen  the  portions  of  bone  to  be  removed. 
These,  which  are  the  spinous  processes  and  laminie,  are  now  torn  away 
together,  with  a  stout  hook,  exposing  the  cord. 

By  means  of  a  long,  curved  chisel,  made  for  this  purpose,  the  l>odies 
of  the  vertebrse  may  be  removed  from  the  front  after  the  thoracic  and 
abdominal  viscera  are  taken  out,  and  the  cord  thus  exposed  and  re- 
moved. But  in  this  anterior  method  of  removing  the  cord,  as  well  as  by 
the  use  of  chisel  and  mallet,  bone  shears,  etc.,  in  the  ordinarj'  method, 
there  is  great  liability  of  injuring  the  delicate  tissues  of  the  cord  and 
producing,  as  Van  Gieson  has  shown,'  mechanical  alterations  which  are 
likely  to  be  mistaken  for  malformations  or  the  results  of  disease. 

^^^le^  the  body  has  lain  on  the  back,  the  membranes  of  the  cord  may 
be  found  considerably  congested,  without  iudicating  the  pre-existence  of 
disease.  If  the  body  has  lain  for  some  time,  epecially  in  warm  weather, 
serous  fluid  may  have  accumulated  withiu  the  membranes,  as  a  result  of 
post-mortem  change. 

The  roots  of  the  nerves  are  now  to  l>e  cut  across,  as  far  away  as  pos- 
sible from  the  cord,  and  the  cord  removed  in  its  membranes,  care  being 
taken  not  to  press  it  in  any  way.  It  is  the  safest  plan  not  to  grasp  the 
cord  itself,  but  with  a  forceps  to  seize  the  dura  mater  and  thiLs  lift  it  up 
at  once  as  it  is  freed  from  its  attachments.  It  is  now  laid  ou  the  table, 
and  the  dura  mater  laid  open  with  scissors  on  the  anterior  aud  posterior 
surfaces  over  its  entire  length,  and  searched  for  tumors,  inflammatory 
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.  The  finger  should  be  passed  gently  along  the  cord  as  it  lies 
on  the  table,  so  as  to  detect  any  marked  softening  or  sclerosis.  The 
weight  of  the  spinal  cord  is  from  30  to  38  grains.  It  should  now  be  held 
lightly  over  the  fingers,  and  smooth  transverse  incisions  made,  with  a 


)F  SECTIONS  or  TUE  BPINAL  CORD  AT  DlFFEHSNT  I.ITIU. 

Coptesol  Itirae  ouillnes  mar  be  used  (or  memonuiila  o[  Che  sltuaaan  of  leslaDS  o[  Uie  splaalmrd.  I, 
Second  Fervlral :  JI.  nflb  cervical ;  III,  elsbth  cervUsl ;  IV,  Urat  doraal ;  V.  ttlgbtb  donBl ;  IT.  Iblid 
lumbar;  r/I.  luunb  sacnl. 

very  sharp  knife  or  razor,  about  half  an  inch  apart  through  its  entire 
substance  between  the  segments,  leaving  these  attached  to  the  pia  mat«r. 

The  segments  of  the  spinal  cord  are  those  parts  from  which  the  spi- 
nal nerves  arise,  and  it  is  convenient  for  the  location  and  description  of 
lesions  to  number  the  segments  in  correspondence  with  the  nerves  which 
arise  from  them  and  to  indicate  on  outline  diagrams  of  the  cord  (Fig.  7) 
the  exact  seat  of  small  lesions. 

The  cut  surfaces  should  be  carefully  examined  for  abnormal  blood 
contents,   hiemorrhages,  inflammatory  lesions,   softening,  scleroses,  and 
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pigmeD  tat  ions.  Importaat  lesions  of  the  cord  may  be  invisible  to  the 
naked  eye,  and  hence,  if  disease  be  saspeeted,  the  organ  should  be  pre- 
served for  microscopical  examination.  The  spinal  ganglia  may  now  be 
removed  and  preserved  for  further  examination.  After  removal  of  the 
cord,  fractures  and  displacements  of  the  vertebne  are  easily  recognized. 

Preservatios  ok  the  Spinal  Cord  and  its  Membranes,  and  oi'  Peripheral 
Sebves. — After  tht  removal  of  the  spinal  dura,  the  entire  cord  with  its  nerve  riiotB — 
tbe  segments  into  wliicli  it  bas  been  cut  for  gross  exaniination  being  left  in  plact — should 
be  laid  on  a  wad  of  absorbent  cotton  in  a  large  jar  ot  Ortli's  fluid  or  formalin,  the  seg- 
ments being  slightly  separated  from  each  otiier  by  a  little  absorbent  cotton.  Van  Gie- 
son  recommends  the  careful  rolling  of  the  segmented  cord  into  a  lonsc  spiral  and  laying 
this  coil  on  a  wad  of  absorbent  cotton  in  the  Bxativc.  Id  this  way  the  cut  ends  of  tbe 
segments  are  held  apart,  accessible  to  the  fluid,  and  harden  with  little  distortion. 

Tbe  hardening  and  preservation  of  the  cord  may  be  done  by  the  same  methods  as 
suggested  above  for  tbe  braio.  If  the  dura  mater  of  the  cord  alone  is  lo  be  preserved, 
it  should  be  treated  in  the  manner  suggested  for  the  dura  mater  cerebralis.  The  pia 
mater  spinalis  is  best  studied  in  sectioua  through  tbe  entire  cord,  tbe  membranes  being 
left  in  ttitu. 

Peripheral  nerves  may  be  hartlened  in  Orth's  fluid  or  in  formalin. 

For  tbe  hardening  of  the  peripheral  nerves,  osmie  acid  is  very  useful,  especially 
when  changes  in  the  myelin  arc  to  be  sougtat  after.  As  osmie  acid  does  not  readily 
penetrate  the  lamellar  sheath  so  as  to  come  in  contact  with  the  nerve  fibres,  in  trunks 
ot  any  considerable  size,  the  following  procedure,  as  suggested  by  Van  Gieson,  will  be 
found  useful:  A  piece  about  one-half  inch  long  is  cut  from  the  nerve  lo  Iw  cuamined: 
one  end  of  this  segment  is  held  with  a  furceps,  while  with  another  forceps  the  individual 
nerve  fibres,  or  small  clusters  of  these,  are  pulled  out  of  the  lamellar  sheath  and  put  at 
once  in  a  one-per-cent  atjueous  solution  of  osmie  acid,  in  which  they  remain  twenty -four 
hours,  and  are  then  wa^ed  and  transferred  to  glycerin,  to  which  twenty-five  per  cent 
alcohol  is  added.  In  this  mixture  they  may  be  preserved,  Harchl's  method  (see  above, 
p.  16)  is  useful  for  the  study  of  degeneration  in  peripheral  nerves. 

THE  THOAAX  AND  ABDOUTBM. 

The  body  is  replaced  on  its  back,  and  a  single  straight  incision  is 
made  from  the  top  of  the  sternnm  to  the  pubes,  passing  to  the  left  of  the 
umbilicus.  For  this  purpose  a  lai^e  kuife  should  he  used,  held  firmly 
in  the  whole  hand,  and  the  movement  should  be  mainly  from  the  shoul- 
der. The  first  incision  should  di\ide  everything  down  to  the  sternum 
and  peritoneum.  A  short  incision  should  then  be  made  through  the 
peritoneum,  just  below  the  ensiform  cartilage.  Into  this  opening  two 
fingers  of  the  left  hand  are  introduced  and  separated  from  one  another, 
and,  the  parietes  being  raised  and  the  sides  of  the  opening  being  held 
apart  by  the  fingers,  the  peritoneum  is  divided  to  the  pubes,  care  being 
taken  to  hold  the  kuife  horizontally  so  as  not  to  cut  the  intestines.  The 
skin  and  muscles  are  then  dissected  off  from  the  thorax  on  both  sides  as 
far  back  as  the  false  ribs. 

This  dissection  should  be  made  by  long  sweeps  of  tbe  knife,  \ihich 
should  be  made  to  cut  with  the  full  blade  and  not  with  the  point  only ; 
and  if  the  skin  and  muscles  be  pulled  strongly  away  from  the  chest  with 
the  left  hand,  it  may  be  done  very  rapidly  and  with  a  few  strokes  of  the 
knife.     We  notice  here  the  amount  of  sulicutaneous  fat  and  the  eondi- 
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tiou  of  the  muscles.  lu  order  better  to  expose  the  abdominal  ea%'ity,  the 
rectus  should  be  divided  transversely  beneath  the  skin  just  above  the 
pubes,  and  the  abdominal  flaps  may  then  be  turned  freely  outward. 

Oeneral  InipeotioD  of  the  Abdominal  Cavity. — We  first  notice  the  posi- 
tion and  general  condition  of  the  viscera.  It  is  best  at  this  stage  of  the 
examination  to  not«  the  condition  of  the  vermiform  appendix,  and  to 
look  over  the  peritoneal  cavity  for  serum,  iuflanimatory  lesions,  evi- 
dences of  perforation,  and  for  the  existence  of  invagination,  incarcera- 
tion, and  hemise  of  the  intestines.  A  small  quantity  of  reddish  serum 
is  frequently  found  in  the  abdominal  cavity,  particularly  in  warm 
weather,  as  the  result  of  commencing  decomposition. 

It  should  be  remarked  here  that  various  striking  changes  in  the 
character  and  appearance  of  the  internal  organs  are  produced  by  putre- 
faction— changes  which  are  often  mistakenly  regarded  as  evidences  of 
disease,  and  much  experience  is  required  in  judging  correctly  of  their 
significance.  These  changes  are,  in  general,  softening  and  discoloration, 
both  of  which  may  occur  as  the  result  of  disease.  It  may  be  said  in 
general  that  the  post  mortem  reddening,  or  hypostases,  are  most  marked 
in  the  more  dependent  parts  of  the  organs.  Post-mortem  softening  usu- 
ally afi'ects  entire  organs,  not  being  limited  to  a  part,  as  is  often  the  case 
in  disease.  Gray  or  greenish- brown  post-mortem  discolorations  are  apt 
to  appear  in  those  organs  or  parts  of  organs  which  lie  in  contact  with  the 
intestinal  canal.  Parts  of  internal  organs  such  as  the  liver,  which  have 
been  the  seat  of  localized  cougestion  during  life,  may  after  death  assume 
a  dark -greenish  color. 

The  omeiiiiim  is  usually  spread  over  the  surface  of  the  small  intes- 
tines, but  it  may  be  rolled  up  and  disi)Iaced  in  a  variety  of  ways,  or  may 
be  adherent  at  some  point  to  the  small  intestines  or  the  abdominal  wall. 

The  surface  of  the  small  intestines  should  be  smooth  and  shiuiug. 
They  may  be  greatly  distended  with  gas,  and  thus  so  completely  cover 
the  other  abdominal  viscera  that  it  becomes  necessary  to  let  out  some  of 
the  gas  by  a  small  puuctnre.  The  transverse  colon  passes  across  the 
abdomen  through  the  npiwr  part  of  the  umbilical  region.  It  may  l>e 
lower  than  the  umbilicus,  or  higher  up  against  the  liver  and  diaphragm; 
it  may  be  distended  with  gas  or  contracted. 

The  liver  is  situated  in  the  right  hypochondriac  aud  epigastric  re- 
gions, filling  the  concavity  of  the  diaphragm.  Its  upper  boi-dcr  reaches, 
in  the  linea  mammillaris,  to  the  fifth  intercostal  space ;  iu  the  linea  axil- 
laris, to  the  seventh  intereostal  space ;  clasc  to  the  \ertebral  column,  to 
the  tenth  intercostal  space.  At  the  median  line  the  upper  border  of  the 
liver  corresponds  to  the  lower  border  of  the  heart.  The  left  lobe  extends 
about  three  inches  to  the  left  of  the  median  line.  The  lower  border  of 
the  right  lobe  usually  reaches  to  the  free  boi-der  of  the  ribs,  while  the 
left  lobe  is  visible  for  about  an  inch  below  the  ensiform  cartilage.  In 
women  the  liver  is  usually  lower  than  in  men. 

The  position  of  the  liver  is  affected  by  changes  in  the  thoracic  cav- 
ity, foreing  it  downward;  by  changes  in  the  abdominal  cavity,  foreing 
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it  upward;  by  constriction  of  the  waist  in  tight  lacing,  forcing  it  either 
upward  or  downward ;  by  changes  in  the  size  of  the  organ  itself.  The 
liver  may  not  only  be  displaced  downward,  but  dislocated  so  that  its 
convex  surface  faces  the  abdominal  wall  and  its  posterior  edge  is  turned 
npward  against  the  diaphragm. 

The  stomach  is  situated  in  the  left  hypochondriac  and  epigastric  re- 
gions, extending  also  into  the  right  hypochoudrium;  it  lies  in  part 
against  the  anterior  wall  of  the  abdomen,  in  part  beneath  the  liver  and 
diaphragm,  and  above  the  transverse  colon.  Its  anterior  suri'aee,  which 
is  directed  upward  and  forward,  is  in  contact  above  with  the  diaphragm 
and  the  uuder  surface  of  the  liver,  and  lower  dowu  with  the  abdominal 
wall  opposite  to  the  epigastric  region.  Its  posterior  surface  is  turned 
downward  and  backward,  and  rests  ou  the  transverse  mesocolon,  the 
pancreas,  and  the  great  vessels.  To  its  lesser  curvature  or  upper  border 
are  attached  the  gastro- phrenic  ligament  and  the  gastro-hepatic  omen- 
tum. To  the  greater  curvature  or  lower  border  is  attached  the  gastro- 
colic omentum.  Its  cardiac  orifice  communicates  with  the  cesophagus, 
its  pj'loric  end  with  the  duodenum. 

Wheu  the  stomach  is  distended  the  greater  curvature  is  elevated  and 
carried  forward,  the  anterior  surface  is  turned  upward  and  the  posterior 
surface  downward.  When  disteuded  with  food  or  gas  the  organ  is  prom- 
inent; when  empty  it  may  hardly  be  visible  below  the  ribs;  when  the 
intestines  are  dilated  it  may  be  entirely  covered  by  them. 

Before  opening  the  thorax  the  hand  should  be  passed  up  against  the 
under  surface  of  the  diaphragm  on  either  side,  to  determine  its  height 
According  to  Quaiu,  the  vault  of  the  diaphragm  rises,  in  the  dead  body, 
on  the  right  side  to  the  level  of  the  junction  of  the  fifth  rib  and  sternum, 
on  the  left  side  as  high  as  the  sixth  rib.  Both  the  relative  and  the 
absolute  height  of  the  diaphragm  vary  under  a  variety  of  pathological 
conditions. 

If  the  existence  of  air  or  gas  in  the  pleural  cavities  be  suspected,  the 
abdominal  cavity  should  be  filled  with  water  and  the  diaphragm  punc- 
tured below  the  level  of  the  fluid.  If  air  be  present,  it  will  escape  in 
bubbles  through  the  water. 

The  Thorax. 

We  now  leave  the  abdominal  ^■isce^a  and  proceed  to  the  examination 
of  the  thorax.  With  a  costatome  or  a  strong  knife  the  costal  cartilages 
are  divided  close  to  the  ribs,  the  clavicles  are  disarticulated  from  the 
sternum,  and  the  latter  is  removed,  care  being  taken  not  to  wound  the 
large  veins.     We  first  examine  the  position  of  the  heart  and  Inngs. 

The  Heart — The  upper  border  of  the  heart  is  on  a  level  with  the 
third  costal  cartilage;  the  lower  border  extends  from  1.3  cm,  below 
the  lower  end  of  the  sternum  to  the  fifth  left  intercostal  space.  The 
left  iMundary  of  the  heart  is  situated  to  the  left  of  the  junction  of  the 
fifth  rib  with  its  costal  cartilage,  and  behind  or  to  the  left  of  a  vertical 
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line  drawn  downward  from  the  left  uipple.  The  right  boundary  extends 
2.5  cm,  to  the  right  of  therightedge  of  the  sternum.  The  portion  of  the 
heart  uncovered  by  the  Inngsis  of  an  irr^ular  quadrangalar  shape.  Ite 
lateral  diameter  is  from  3.8  cin.  to  11.1  cm. ;  its  upper  boundary  varies 
from  the  level  of  the  second  costal  cartilage  to  that  of  the  fifth,  but  it  is 
usually  behind  the  third  or  fourth  cartilage  or  fourth  spaee. 

The  area  of  the  heart  which  is  found  uncovered  will,  however,  vary 
much,  according  to  the  degree  to  which  the  luugs  collapse  after  opening 
the  chest.  Any  disease  which  diminishes  the  size  of  the  lungs,  or  pleu- 
ritic adhesions  which  retract  or  bind  them  down,  may  increase  the  area 
of  exjMJsed  heart.  On  the  other  hand,  emphysema,  pneumonia,  or  any 
disease  which  increases  the  size  of,  or  retains  the  air  in,  the  lungs,  may 
dimiuish  the  area  of  exposed  heart.  The  exposed  area  varies  also  with 
the  size  of  the  heart  itself. 

The  Pericardittm  is  now  opened  by  a  slightly  oblique  incision  on  its 
anterior  surface.  The  existence  of  serous,  fibrinous,  or  pnrnleut  exu- 
date, and  of  adhesions,  is  to  be  noticed.  A  small  quantity  of  clear  senmi 
exists  normally  in  the  pericardial  sac,  and  this  serum  may  be  blood- 
stained from  beginning  decomposition.  White  thickenings  of  the  peri- 
cardium on  the  surfaces  of  the  heart  are  often  seen ;  they  do  not  indicate 
important  disease. 

Now  that  the  pericardial  sac  is  open,  the  position  of  the  heart  can  be 
clearly  seen.  It  lies  obliquely  in  the  chest,  its  long  axis  at  an  angle  of 
about  sixty  degre«is  with  that  of  the  thonvx.  The  portion  of  the  heart 
which  is  first  seen  is  the  anterior  surface  of  the  right  ventricle;  upward 
and  to  the  right  of  this  is  the  right  auricle,  which  lies  about  two-thirds 
on  the  i-ight  of  the  sternum  and  about  one-third  behind  it.  Its  upi>er 
border  usually  corresponds  to  the  plane  of  the  middle  of  the  anterior 
end  of  the  second  intercostal  space  on  the  right  side.  Its  size  varies 
with  the  amount  of  blood  which  it  contains.  The  left  auricle  lies  behind 
the  root  of  the  pulmonary  arterj',  so  that  only  its  appendix  is  visible. 
The  middle  of  the  auricle  corresponds  to  the  third  costal  cartilage.  Of 
the  left  veutiitle  only  a  naiTow  rim  is  seen,  on  the  left  side  of  the  right 
ventricle.  The  pulmonary  valve  is  usually  entirely  or  in  part  on  the 
left  side  of  thestcrumn,  behind  the  second  space  or  thii-d  costal  cartilage. 

The  aortic  vahe  is  usuidly  at  the  level  of  the  third  cartilage  or  the 
third  space,  and  behind  the  left  two-thirds  or  half  of  the  sternum.  The 
mitral  valve  is  oblique,  the  upper  end  to  the  left.  It  is  on  the  level  of 
the  third  to  the  fourth  cartilage,  near  the  middle  of  the  sternum.  T'ae 
tricuspid  is  oblique,  its  upper  end  to  the  left ;  the  upper  end  is  at  the 
level  of  the  third  e:irtilage,  the  third  space,  or  the  fourth  cartilage. 
The  valve  is  opposite  the  middle  of  the  sternum. 

The  hand  should  now  be  pa.'wed  over  the  arch  of  the  aorta,  to  ascer- 
tain whether  or  not  an  aneurism  is  present.  The  heart  is  then  grasped 
at  the  apex,  raised  out  of  the  pericardium,  tilted  upward,  and  removed 
unopened  by  cutting  through  the  ies,sels  at  its  base. 

To  determine  the  sufficiency  of  tlie  aortic  and  pulmonary  valves,  the 
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heart  is  held  horizontally  by  both  auricles,  so  as  not  to  pull  the  valves 
opeu,  and  water  is  poured  iuto  the  aortic  and  palmouarj'  arteries,  and 
we  observe  how  well  the  valves  support  the  column  of  liquid.  To  ascer- 
tain the  sufficiency  of  the  mitral  and  tricuspid  valves,  the  auricles  are 
first  laid  open  so  as  to  expose  the  upper  surfaces  of  the  valves.  A  large 
pipe  is  passed  through  the  aorta  or  pulmonary  artery  beyond  their 
valves,  and  a  small  stream  of  water  allowed  to  flow  into  the  ventricles. 
The  auriculo-ventricular  valves  will  be  swollen  upward,  and  we  can  ob- 
serve their  degree  of  sufficiency.  The  tricuspid  valve  is  normally  some- 
what insufficient.  These  water  tests,  however  carefully  applied,  are  not 
very  reliable,  since  under  the  most  favorable  conditions  the  natural 
beariugs  of  the  valves  are  not  perfectly  preserved. 

To  ascertain  the  size  of  the  different  valvular  openings,  we  introduce 
the  fingers,  held  flat  with  their  sides  in  contact,  into  each  of  the  orifices, 
and  then  measure  the  width  of  the  fingers  at  the  point  where  they  fill  the 
orifice.  In  this  way  we  find  that,  under  normal  conditions  in  the  adult, 
the  aortic  measures  about  2.5  cm.,  the  mitral  valve  about  4,5  cm.,  the 
pulmouarj'  about  3.1  cm.,  the  tricuspid  about  5  cm. 

lu  order  t«  examine  the  interior  of  the  heart,  we  fii-st  make  an  incision 
through  the  anterior  wall  of  the  left  ventricle,  close  by  and  parallel  to 
the  septum,  and  reaching  to  the  apt>x  of  the  ventricle;  through  this 
opening  the  blade  of  the  euterotome  is  passed  up  into  the  aorta,  the 
pulmonary  artery  being  drawn  aside  with  the  fingers,  and  the  ventricle 
and  aorta  are  laid  open.  With  a  little  care  the  incision  may  be  made  to 
pass  through  one  of  the  points  of  junction  of  the  aortic  valves. 

The  auricles  and  ventricles  may  be  empty,  or  may  contain  fluid  blood 
or  the  so-called  heart  clots.  These  heart  clots  are  of  two  kiuds — those 
which  are  formed  some  time  before  death,  and  those  which  are  formed 
during  the  last  hours  of  life  and  after  death.  Tlie  clots  which  are  formed 
some  time  before  death  are  usually  associated  with  oi^anic  disease  of  the 
heart,  especially  with  dilatation  of  the  ventricles.  They  are  firm,  dry, 
and  of  whitish  color;  they  may  be  infiltrated  with  the  salts  of  lime. 
They  are  free  in  the  cavities  of  the  heart,  or  entangled  in  the  trabeculie, 
or  firmly  adherent  to  the  endocardium.  They  are  usually  composed  of 
coagulated  fibrin,  blood  platelets,  leucocytes,  and  red  blood  cells,  and  are 
often  lamellated.  The  clots  which  are  formed  during  the  hist  hours  of 
life  and  after  death  are  red,  yellow,  or  white.  They  may  be  soft  or  suc- 
culent or  quite  firm.  They  may  be  free  iu  the  heart  cavities,  or  Ixs 
adherent  to  the  ti-abecula;,  or  extend  into  the  lai^  vessels.  They  are 
usually  most  constant  and  of  lai^cst  size  in  the  right  auricle  and  ven- 
tricle. Such  clots  may  be  formed  within  two  houi-s  aftei'  death.  Clots 
of  this  character  are  common.  If,  then,  rhe  blood  coagulates  in  the  heart 
within  twenty-four  hours  before  death,  this  coagulum  may  not  be  dis- 
tinguishable from  the  ordiuai-y  post-inortcni  clots.  If  it  is  supposed, 
therefore,  that  a  person  dies  from  heari  clot  developed  a  few  hours  before 
death,  the  proof  of  this  must  be  deri\-ed  largely  from  the  clinical  symp- 
toms, and  not  from  the  autopsy. 
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The  condition  of  the  aortic  valves  and  of  the  endocardium,  and  the 
thicliness  and  appearance  of  the  walls  of  the  left  ventricle,  papillary 
muscles,  chord©  teudine^e,  elc,  are  now  noticed.  The  right  ventricle  is 
now  opened  by  an  iucision  through  its  anterior  wall,  close  to  the  septum, 
and  examined  in  the  same  way.  We  sometimes  see  the  endocardium  of 
the  upper  part  of  the  left  ventricle  thick  and  white,  without  the  exist- 
ence of  valvular  lesions  or  any  clinical  history  of  disease.  The  endocar- 
dium and  valves  are  often  stained  red,  i>articuJar]y  in  warm  weather,  by 
imbibition  of  coloring  matter  of  the  blood,  set  free  by  decomposition. 
To  complete  the  examination  of  the  canities  the  enterotome  is  passed  into 
each  auricle,  carried  down  into  the  corresponding  ventricle,  and  an 
incision  made  along  the  outer  border  of  both  auricle  and  ventricle  to  the 
apex  of  the  Iatt«r.  lu  this  way  the  auriculo-ventricular  valves  are  com- 
pletely exposed.  The  coronary  arteries  should  be  opened  through  all 
their  main  trunks,  with  fine  probe-pointed  scissors,  and  carefully 
examined  for  marks  of  inflammation,  emboli,  thrombi,  etc. 

After  removing  the  blood  the  heart  should  be  finally  weighed.  The 
normal  average  weight  of  the  heart  in  adults  is,  according  to  an  estimate 
of  H.  D.  Arnold,'  in  males  about  290  grams;  in  females  about  260 
grams. 

The  weight  of  the  heart  relative  to  that  of  the  body  is  in  males  about 
1 :  158  to  178 ;  in  females,  about  1 :  149  to  176.  Accordiiig  to  Buhl,  the 
average  thickness  of  the  wall  of  the  left  ventricle  at  about  the  middle  of 
the  cavity  is  from  1.6  cm.  to  1.7  cm. ;  of  the  right  ventricle,  from  0.4  to 
0.6  cm. 

Generally  speaking,  the  size  of  the  heart  corresponds  to  the  size  and 
the  development  of  the  individual.  In  judging  of  an  increase  or  de- 
crease in  its  size  we  must  consider  the  weight  of  the  organ  and  the  thick- 
ness of  its  walls.  If  the  person  die  while  the  heart  is  contracted,  the 
walls  of  the  ventricles  will  appear  thicker,  their  cavities  smaller  than 
usual.  If  he  die  of  some  exhausting  disease  like  typhoid  fever,  or  if 
decomjKisition  have  commenced,  the  heart  walls  will  usually  be  flabby 
and  the  ca\itie3  will  appear  larger  than  usual. 

Preservation  of  Specihenb. — I^renchymatoiia  and  fatty  degent-ration  of  ilie  beart 
may  b«  studkd  microst'opically  by  ti?asiag  tUc  fnsh  muscle  in  ODe-Ualf-per-cent  salt 
solution,  or  by  examining  in  the  same  solution  fresh  sections  made  with  the  freezing 
microtome,  or  by  bardeiiing  small  pieces  of  the  muscle  in  one-pcr-cent  osmic  acid  and 
teasing  in  equal  parts  of  glycerin  and  water. 

The  lieart  valves  may  be  siretched  on  a  flat  cork  with  pins  and  haixiened  in  Orth'a 
.  or  Zenker's  fluid  or  alcoliol.  For  the  methmls  of  detecting  bacteria  in  ulcerative  endo- 
canlitis.  see  section  oa  Staining  Bacteria.  When  the  presence  of  bacteria  is  suspected, 
cultures  should  be  made  and  the  tissues  should  be  preserved  in  strong  alcohol. 

The  Pleural  Cavities  are  next  examined.  The  hand  is  passed  iuto 
each,  and  the  existence  of  serous  or  fibrinous  exudation  or  of  old  adhe- 
sions ascertained.     The  method  of  delecting  the  presence  of  air  has  been 

'  Arnold.  "Observations  n 
Hundred  and  Sistecn  Cases." 
page  H3. 
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given  above.  After  the  commeQcement  of  putrefaction  reddish  Berum 
may  accumulate  in  the  pleural  cavities.  This  should  not  be  mistaken 
for  the  result  of  disease. 

The  Lvnpa. — Each  lung  is  lifted  up  in  turn,  the  vessels,  etc.,  at  its  base 
are  divided,  and  the  or^n  is  removed.  If  the  pleura  is  very  adherent  it 
is  better  to  strip  off  the  costal  pleura  with  the  luug.  After  inspecting 
the  external  surface  of  the  lung,  obser\-ing  its  size,  shape,  color,  and  con- 
sistence, and  the  condition  of  the  bronchial  IjTuph  nodes,  the  bronchi 
are  opened  with  scissors  having  long,  narrow,  blunt-pointed  blades,  one 
blade  a  little  longer  than  the  other.  The  lung  is  held  in  the  left  hand 
with  its  base  upward,  the  large  bronchi  which, run  on  the  inner  side  of 
the  lower  lobe  being  first  opened,  afterward  those  of  the  npper  lobe. 
Each  bronchus  should  be  followed  to  its  smaller  ramifications. 

We  should  obse^^'e  the  contents  of  the  bronchi  and  the  appearance  of 
their  walls.  In  the  larger  and  medium-size  bronchi  the  cartilages  in 
their  walls  do  not  form  complete  rings,  but  appear  shining  through  the 
mucous  membrane  like  irregular  white  patches.  This  appearance  should 
not  be  mistaken  for  a  pathological  change.  lu  bodies  which  have  been 
dead  for  some  time,  especially  in  cold  weather,  the  bronchial  mucous 
membrane  may  be  red  and  swollen  as  a  post-mortem  change.  The 
contents  of  the  stomach  are  sometimes  forced,  after  death,  into  the 
pharj'nx,  and  thence  find  their  way  into  the  trachea  and  bronchi,  giving 
them  a  peculiar  reddish  and  even  gangrenous  appearance.  Bronchitis 
does  not  always  leave  lesions  which  can  be  seen  after  death.  The  lai^ 
vessels  should  now  t>e  examined  for  thrombi,  emboli,  or  other  lesions. 

After  the  examination  of  the  bronchi  the  lung  is  turned  over,  the 
vessels,  etc,  at  its  root  are  grasped  with  the  left  hand,  and  a  long,  deep  in- 
cision is  made  from  apex  to  base.  We  observe  the  appearance  and  texture 
of  the  lungs,  whether  the  air  vesicles  are  dilated  (emphysematous)  or 
filled  with  serum,  blood,  or  inflammatory  exudation.  Fluid  can  be 
pressed  out  of  the  air  vesicles  without  breaking  down  the  lung  tissue. 
Solid  infiammatorj'  exudation,  on  the  other  hand,  renders  the  lung  more 
resistant  and  easily  broken  down.  Attention  should  t>e  paid  to  the  ooz- 
ing of  purulent  or  other  fluid  from  the  smaller  bronchi  when  the  lung 
is  squeezed  near  the  cut  surface.  It  is  the  rule  to  find  the  lower  lobes 
more  congested  than  the  upper. 

pREBKRVATios  OF  THE  LvNOfl  AND  Bboschi. — If  the  lungs  lisve  been  cut,  small 
pieces  from  the  afTected  portions  of  luDg  tissue  or  bronchi  should  be  bardeued  id  Orl.b's 
fluid,  care  being  laken  not  to  squeeze  or  handle  them  unnecessarily.  It  is  better,  when 
the  microscopical  examinatEoD  la  more  important  than  the  macroscopical,  not  to  open  the 
lungs  at  once,  but  to  fill  the  air  spaces  wUh  preservative  fluid  b/  means  of  a  funnel 
attached  to  a  short  rubber  tube  and  canula,  which  is  tied  into  the  main  bronchus.  In 
this  way  not  only  are  the  minute  structures  better  preserved,  but  the  air  vesicles  are 
filled  out  and  hardened  in  an  approximately  natural  condition.  Core  should  be  taken 
not  to  have  too  great  a  pressure  from  the  inflowing  fluid,  since  then  exudations  might 
be  displacc<l  or  the  lung  distorted  or  ruptured.  While  the  hmg  is  being  filled  it  should 
he  immersed  in  a  vessel  of  the  same  preservative  fluid,  in  which,  after  closing  the  can* 
Ilia  or  ligating  tlie  bronchus,  it  lies  for  twenty-four  hours.  It  is  then  cut  into  small 
pieces  and  the  hardening  completed.     A  variety  of  hardening  agents  may  be  used: 
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Ortb'a  fluid  or  foiin&liii  solutiOD  (5  :  100)  ia  on  the  whole  the  beat.  If,  however,  the 
luDg  is  commencing  to  decay,  strong  alcohol  will  stop  the  process  most  quictily  anil 
give  us  good  resutiB  as  are  possible  under  the  circumstances.  Alcohol  should  be  used 
TChea  the  lungs  are  to  be  examined  for  bacteria. 

It  ia  often  desirable,  and  particularly  in  casea  in  wiiich  the  lopograpliy  of  leaions  is 
to  be  studied,  as  in  acute  miliary  tuberculosis,  acute  and  chronic  phthisis,  infarctions, 
etc.,  to  Inject  the  blood-vessels  with  colored  gelatin.  The  lung  should,  after  the  injec- 
tion, be  bardencd  io  alcohol. 

The  Pharynx,  Laiyux,  (EBopha{;iis,  and  Thyroid  filand.— For  the  re- 
moval of  these  parts  the  iucisiou  through  the  skin  should  be  carried 
upward  as  far  as  practicable— when  permissible,  to  a  point  one  inch  be- 
low the  chin,  the  head  being  allowed  to  hang  backward  over  the  edge  of 
the  table. 

The  soft  parts  are  dissected  from  the  laiynx,  taking  care  uot  to  cut 
the  thyroid  body,  and  au  iucisiou  is  made  through  the  door  of  the 
mouth,  following  the  iuterual  surface  of  the  inferior  maxilla.  Through 
this  incision  the  fingers  are  introduced  into  the  mouth,  the  tongue  is  drawn 
down,  the  posterior  wall  of  the  pharj'ux  is  divided  above  the  tonsils,  and 
the  tougne,  pharynx,  and  laiyux  are  drawn  out  together.  These  organs 
are  then  pulled  downward,  and  with  the  aid  of  the  knife  the  trachea  and 
(esophagus  are  removed  entire,  the  oesophagus  being  cut  just  above  the 
stomach.  If  the  contents  of  the  stomach  are  to  be  preserved,  as  in  eases 
of  suspected  ])oisoning,  a  ligature  is  put  around  the  oesophagus  just  be- 
low the  point  at  which  it  is  to  be  out  off. 

With  the  enterotome  the  pharynx  and  cesophagus  are  now  slit  open 
upon  their  posterior  surfaces.  The  mucous  membraue  thus  exposed  is 
examined  for  evidences  of  caustic  poisons,  of  inflammation,  tumors, 
strictures,  varices,  etc.  The  enterotome  is  next  introduced  into  the 
laryux,  and  this  organ  and  the  tra«hea  are  laid  open  along  the  posterior 
wall.  Hei'e  we  look  for  wdema  of  the  aryteno-epiglottideau  folds 
(oedema  of  the  glottis),  for  evidences  of  catarrhal,  croupous,  ulcerative, 
and  syphilitic  inflammation,  and  for  tumors  and  lesions  of  the  laryngeal 
cartilages,  CEdema  and  redness  of  the  larj'nx  may  result  from  post-mor- 
tem changes,  esiiecially  in  bodies  which  have  been  kept  for  several  daj-s 
in  cold  weather.  A  well-marke<l  cedema  glottidis  during  life  may  leave 
no  ti-ace  after  deatii.  Putrefactive  changes  usually  commence  early  in 
the  larj'ux  and  trachea. 

The  thyroid  gland  is  dis.sected  off  and  examined.  Its  weight  varies 
considerably,  being,  according  to  Krause,  somewhat  over  30  grams. 


Pkesehvatiok.ok  the  Piiaki-kx,  Larvkx,  Trachea,  etc.— These  si 
freetl  from  superfluous  tissue  and  suapendert  entire  by  a  thread  in  a  large-  quantity  of 
Ortli's  fluid  or  Flcmmfug's  osmic-acid  mixture,  after  which  the  hardenuifr  is  completed 
in  the  URual  way.  The  wsophagua  should  lie  atretcliwl  loosely  on  sheet  cork  with  pins, 
and  hardened  iu  either  of  the  above  fluids.  The  thyroid  may  be  cut  into  small  pieces 
and  similarly  hardened 
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The  Abdomen. 

Betnmiog  now  to  tbe  abdominal  cavity,  we  first  dissect  off  the  omen- 
tnm.  Tubercles  of  tbe  peritoneum  may  be  best  seen  iu  the  omentum. 
The  colon  is  then  raised  and  dissected  free,  to  the  ctecum  on  one  side  and 
to  the  rectam  on  the  other.  The  colon  and  small  intestines  are  then 
drawn  fii«t  to  the  right  and  then  to  the  left  side,  so  as  to  expose  in  turn 
the  right  and  left  kidneys.  As  each  kidney  is  brought  into  view  an  in- 
cision is  made  through  tbe  peritoneum  over  the  track  of  the  ureter.  The 
ureter  is  followed  through  its  entire  length  and  its  condition  ascertained. 

Sometimes  one,  more  rarely  all,  of  theabdomiual  viscera  are  uuusnally 
movable,  owing  to  a  relaxation  of  their  ligamentous  or -other  supports. 
This  condition — eateroptosis — is  uncommoQ  iu  the  liver,  more  frequent 
iu  tbe  spleen,  and  especially  so  in  tbe  kidneys.  It  has  beeu  occasionally 
described  in  tbe  stomach  and  intestinea 

The  Kidneys. — These  oi^ns  are  uow  removed,  the  peritoneum  and 
fat  being  separated  from  them  with  tlie  hand,  and  tbe  vessels  being  di- 
vided with  the  knife.  The  adrenals,  at  tbe  upper  end  of  each  kidney, 
are  removed  at  the  same  time.  The  kidneys  may  be  softened  by  putre- 
faction, or  the  surface  may  have  a  greenish-gray  color,  caused  by  the 
post-mortem  action  of  putrefactive  gases  on  the  beeiuoglobiu. 

An  incision  is  made  through  tbe  capsule,  along  the  convex  border  of 
the  kidney,  and  the  membrane  stripped  off.  We  notice  the  degi-ee  of 
adherence  of  the  capsule  to  tbe  kidney,  and  also  the  surface  of  tbe  latter, 
whether  smooth  or  roughened,  pale,  congested,  or  mottled ;  an  incision 
is  made  along  the  convex  surface  down  to  the  i)elvis,  so  that  tbe  organ 
is  divided  into  halves.  We  observe  the  relati\'e  thickness  of  the  cortical 
and  pyramidal  portions,  as  well  as  the  size  of  the  entire  organ.  To  as- 
certain tbe  latter  point,  it  is  well  to  weigh  each  kidney ;  the  normal 
weight  is  from  1.30  to  150  grams.  The  left  kidney  is,  accoi-ding  to  Orth, 
from  5  to  7  grams  heavier  than  the  right.  At  from  twenty  to  thirty-five 
years  of  age,  accoi'diiig  to  Tbonia,  tbe  weight  of  the  heart  is  to  the 
weight  of  both  kidneys  as  1:1.1.  The  weight  of  the  kidneys  of  adults  is 
given  by  VieroMt  in  geneial  as  about  0.48  per  cent  of  that  of  the  entire 
body. 

It  is  necessary  to  remember  that  in  a  kidney  which  is  much  atrophied 
there  may  be  au  increa.se  of  fat  in  the  pelvis,  which  gi^es  the  oi^an 
nearly  its  nonnal  size  and  weight,  while  the  kidney  tissue  proiwr  may 
have  in  great  measure  disiippeai-ed. 

We  now  inspect  the  kidney  tissue  more  closely,  especially  the  cortical 
portion.  The  pyramids  consist  lai^ely  of  tubes  miming  in  nearly 
straight  lines  from  the  apex  to  the  base  of  each  pyramid.  These  sti'aight 
tubes  pass  from  the  pyramids  into  the  cortex  in  bundles,  called  niedul- 
larj"  rays,  many  of  them  retaining  their  straight  coui-se  until  they  nearly 
reach  the  surface  of  the  kidney.  These  straight  tubules  send  off  branches 
ou  all  sides  of  the  rays,  which  become  convoluted,  form  Henle's  loops, 
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and  finally  terminate  in  the  glomemli  or  Malpighiaii  t>odies.  In  this 
way  the  cortex  of  the  kidney,  as  seen  in  section,  is  divided  into  alternate 
bands  of  straight  tubes,  and  couvolated  tubes,  with  glomeruli ;  t>oth  sets 
of  bands  being  perpendicular  to  the  surface  of  the  kidney,  and  called  re- 
spectively medullaiy  rays  and  labyrinths.  About  the  convoluted  tubules 
and  glomeruli  is  a  rich  venous  plexus;  and  since  after  death  the  blood 
usually  remains  in  this  plexus  and  in  the  glomeruli,  the  bands  containing 
the  convoluted  tubules,  i.e.,  the  labyrinths,  usually  appear  red,  while  the 
medullary  rays  are  grayish- white.  In  a  normal  kidney,  therefore,  the 
cortex  should  be  regularly  striped  in  narrow  alternating  red  aud  whitish 
bands. 

The  average  thickness  of  the  cortex  of  the  kidney  is  from  4  to  6  mm, 

If  there  be  extensive  congestion,  the  entire  cortex  is  red.  If  the  epi- 
thelium of  the  tubules  degenerates  and  fills  them  up,  or  if  there  are  con- 
siderable changes  in  the  interstitial  tissue,  the  regular  bands  are  lost  and 
the  cortex  is  irregularly  mottled.  If  the  tubular  epithelium  becomes 
filled  with  fjit  globules,  this  is  indicated  by  an  opaque  yellow  color  of  the 
affected  parts ;  in  lilany  cases,  therefore,  the  existence  of  kidney  lesion 
can  be  recognized  with  the  naked  eye. 

If  waxy  degeneration  be  present  to  a  marked  extent,  it  may  be  mani- 
fest by  a  peculiar  translucent  appearance  of  the  affected  parts,  but  in 
most  cases  it,  ia  necessary  to  apply  reagents  to  demonstrate  it  satisfac- 
torily. The  cut  surface  of  the  kidney  is  washed  with  water,  to  free  it 
from  blood,  and  repeatedly  brushed  with  an  aqueous  solution  of  iodine 
(iodine  1  part,  potassium  iodide  3  parts,  water  lOO  parts).  The  glo- 
meruli and  the  bloodvesselsare  most  frequently  affected,  and,  if  so,  they 
may  appear  as  mahc^iany -colored  dots  aud  lines  on  a  yellow  ground. 

But  this  reaction  is  not  constant,  and  for  accurate  detection  of  amyl- 
oid substance,  recourse  should  be  had  to  other  reagents  applied  to  sec- 
tions of  the  hardened  tissues  (see  page  83). 

The  pelvis  of  the  kidney  should  be  examined  for  -inflammatory  lesions 
and  calculi.  Sometimes  a  whitish  fluid  is  seen  in  the  pelvis  and  can  be 
squeezed  from  the  papillfe ;  this  is  produced  by  a  post-mortem  desqua- 
mation of  the  epithelium,  but  is  likely  to  be  mistaken  for  pus. 

Presehvation  op  the  KID^EY. — If  the  kidney  be  not  opened,  the  blood-vesaeU 
may  be  injecieil  through  the  renal  artery,  slowly  and  under  a  low  pressure,  witli  Orth's 
fluid  or  Flemming's  osmic-acid  mixture.  After  the  vessels  are  filled  with  either  of  the 
above  Huids  the  fonner  arc  tied,  and  the  entire  organ  is  placed  in  a  large  quanlity  of  tlie 
JDjccting  fluid  for  twenty-four  hours.  The  kidney  is  then  cut  into  small  pieces,  and 
the  hardening  is  completed  in  the  usual  way. 

In  most  cases,  however,  the  kidneys  will  have  been  opened  for  inspection  at  the 
autopsy,  TheD  small  pieces  are  removed  from  the  various  regions  and  hardened  in  the 
above  II u ids. 

Kidneys  which  are  lo  be  examined  for  the  presence  of  bacteria  should  be  etit  into 
small  pieces  and  placed  at  once  in  strong  alcohol,  which  should  be  changed  once  or 
twice,  and  in  which  they  are  permanently  preserved. 

The  Adrenali — Baprarenal  Capsules. — These  are,  in  the  foetus,  of  an 
ovoidal ;  in  the  adult,  of  a  triangular  shape.     They  are  situated  at  the 
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Upper  and  ioner  border  of  the  kidney,  to  which  they  are  loosely  attached 
by  conaective.  tissue.  On  the  anterior  surface  is  an  irregular  fiesure, 
called  the  hilus,  from  which  the  veins  emerge.  The  size  of  the  adrenals 
varies  considerably,  but  in  the  adult  the  average  vertical  diameter  is  from 
3.2  cm.  to  4.5  cm.,  the  transverse  diameter  about  3.2  cm.,  and  they  are 
from  4.2  mm.  to  6.4  mm.  in  thickness.  They  weigh  in  the  adult  4  to  8 
grams.  They  are  relatively  larger  in  children  than  in  adults.  They  are 
composed  of  a  cortical  and  a  medullary  portion,  the  cortex  forming  a  yel- 
lowish shell  around  the  dark-red  or  brown  medulla.  They  are  enclosed 
in  a  connective-tissue  capsule,  from  which  fibrous  processes  extend  in- 
ward, dividing  the  gland  iuto  a  series  of  irregular  chambers.  Those  in 
the  cortex  are  mostly  elongated,  giving  this  portion  a  striated  appear- 
ance, while  those  la  the  medulla  are  polyhedral.  It  is  in  these  spaces 
that  the  parenchyma  cells  lie.  The  adrenals  readily  decompose ;  the 
inner  layer  of  the  cortex  may  soften  and  break  dowu,  so  that  the  outer 
zone  forms  a  sort  of  cyst  filled  with  reddish-brown  broken-down  sub- 
stance. Hypertrophy,  tuberculosis,  and  cheesy  degeneration,  fatty  de- 
generation, and  tumors  are  to  be  looked  for. 

9  fluid,  or  la  strong 

The  Spleen. — This  oi^n  has,  when  removed  from  the  body,  the  gen- 
eral shape  of  a  flattened  ellip^id,  most  cur\'ed  on  its  external  and  pos- 
terior surface.  It  is  situated  iu  an  oblique  position  on  the  left  side  of 
the  stomach,  and  between  its  cardiac'  end  and  the  diaphragm.  The 
vessels  are  given  off  from  its  inner  surface,  which  is  crossed  by  a  more 
or  less  well-marked  vertical  ridge.  The  point  of  emei^ence  of  the  ves- 
sels is  called  the  hilus.  Its  long  diameter  extends  from  the  seventh  inter- 
costal space  to  the  eleventh  rib.  Its  upper  portion  is  separated  from  the 
ribs  by  the  lungs;  its  lower  portion  by  the  diaphragm. 

It  is,  according  to  Vierordt,  on  the  average,  from  12  to  13  cm.  long; 
from  7  to  8  em.  broad,  and  about  3  cm.  thick.  Its  average  weight  is 
at>out  171  grams.  The  dimensions  of  the  spleen  as  given  by  Krause  are 
somewhat  greater  than  the  above.  But  its  measurement  and  weight 
vary  considerably  withiu  the  limits  of  health.  It  is  in  these  respects 
the  most  variable  organ  iu  the  body.  In  old  age  tlie  average  weight 
gradually  diminishes. 

The  spleen  is  enclosed  in  a  fibrous  capsule  covered  with  i>eritoneum. 
The  parenchyma  is  formed  of  blood-vessels  and  fibrillar  connective  tissue, 
and  of  a  soft,  dark-red  pulp  in  which  are  embedded  whitish  spheroidal 
or  elongated  bodies,  the  glomeruli,  or  Malpighian  bodies.  In  the  normal 
human  spleen  the  glomeruli  are  usually  hardly  perceptible  to  the  naked 
eye,  but  sometimes  they  are  very  plain.  Sometimes  the  fibroas  stroma 
is  very  apparent,  sometimes  not. 

The  size,  consistence,  and  color  of  the  organ  vary  a  good  deal  within 
normal  limits ;  it  may  soften  in  decomposition.  Thickenings  of  the  cap- 
sule and  abnormal  adhesions  are  very  common,  and  often  occur  without 
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any  cliuical  hiatorj-  indicating  disease.  We  should  look  for  changes  in 
size,  color,  and  hardness;  for  pigmentation,  hyperplasia  of  the  connec- 
tive tissue,  amyloid  degeneration,  tubercles,  and  infarctions. 

Not  infrequently  one  or  more  spheroidal  or  flattened  so-called  acces- 
sory spleens  are  found  in  the  vicinity  of  the  spleen;  they  vary  in  size 
from  that  of  a  pea  to  that  of  a  walnut. 

Preservation. — In  certain  diseBses  of  the  pulp,  leuksmia,  leucocytbKmia,  etc.  the 
tissuti  should  be  leased,  when  fresli,  in  one -half- per- cent  mH  solution,  or  examined  by 
tlie  staining  methods  described  under  the  lesions  of  the  blood.  For  general  purposes 
small  pieces  of  the  organ  are  hardened  in  Ortb's  fluid,  Fleraming's  osmic-acid  miiiture, 
or  in  alcoliol. 

The  luteitines. — The  rectum  is  divided,  the  intestine  seized  with  the 
left  hand,  and,  being  kept  stretched,  is  separatetl  from  its  attachments 
by  repeated  incisions  through  the  mesentery  close  to  the  gut,  until  the 
duodenum  is  reached,  where  the  intestine  is  again  cut  off.  The  opera- 
tion is  more  cleanly  if,  before  dividing  the  gut,  ligatures  are  placed 
around  it  at  either  end.  The  entire  length  of  the  gut  is  now  laid  open 
with  the  enterotome  along  the  mesenteric  attachment,  the  mucous  mem- 
brane is  cleaned  with  a  stream  of  water  and  then  examined. 

In  cases  of  suspected  poisoning,  a  ligature  should  be  placed  around 
the  rectal  end  of  the  gut  and  two  around  the  duodenal  end,  and  it  should 
then  be  cut  off  below  the  former  and  between  the  latter  ligatures.  The 
gut  is  now  opened  and  the  contents  are  emptied  into  a  clean  glass  jar  for 
delivery  to  the  chemist,  care  being  taken  that  they  be  not  allowed  to 
touch  anything  but  the  inner  surface  of  the  jar.  After  washing  the  in- 
testine in  pure,  fresh  water  and  examining  it,  it  should  be  placed  entire 
in  anotlier  clean  jar  and  the  jar  sealed. 

Cadaveric  lividities  are  very  common  in  the  intestines,  and  are 
usually  most  marked  in  the  dependent  portions.  They  are  apt  to  occur 
in  patches,  but  may  be  diffuse  and  very  extensive.  If  the  wall  of  the 
gut  be  stretched,  they  are  often  seen  to  be  discontinuous,  owing  to  the 
pressure  of  the  blood  from  the  parts  which  are  squeezed  by  folds.  Small 
patches  of  arborescent  or  diffuse  red  staining  are  often  seen,  formed  by 
the  imbibition  from  the  vessels  of  decomposing  hiemoglobin.  In  the 
more  advanced  stages  of  decomposition  the  mucosa  may  be  softened  and 
loosened.  A  dark  purple  or  brownish  discoloration  of  the  entire  intes- 
tinal wall  is  frequently  seen,  either  diffuse  or  in  patches.  Much  experi- 
ence and  careful  obser^'ation  are  requisite  in  forming  a  correct  judgment 
regarding  the  significance  of  changes  of  color  in  the  intestines.  Caution 
is  necessary  in  distinguishing  normal  digestive  hypenemia  from  abnor- 
mal congestion.     A   very  considerable   congestion  may  exist  without 


The  lesions  ordinarily  to  be  looked  for  are  catarrhal,  croupous,  and 
ulcerative  inflammations,  perforations,  hiemorrhages,  strictures,  tumors, 
amyloid  degeneration,  swelling  and  ulceration  of  the  solitary  follicles 
and  Peyer's  patches,  and  pigmentation.     For  the  detection  of  amyloid 
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degeneratiou  of  the  mucosa  this  structure  shonld  be  carefully  washed 
and  hruahed  with  a  solutiou  of  iodiae  (see  p.  28). 

Phebervation. — For  the  general  purposeaofmlcroBCopic  study ,  portioDsof  the  gut 
should  be  gently  stretched  on  cork  (the  mucosa  Etde  free)  and  baniened  in  Orlh's  tluid 
or  in  Flemmmg'a  osmic-acid  mixture. 

For  obvious  reasons  the  mucous  membrane  should  be  handled  as  little  as  possible, 
for.  in  the  majority  of  cases,  decomposition  and  softening  have  already  set  in  aX  the 
time  of  the  autopsy,  and,  under  the  most  favorable  conditions,  the  epitliclium  is  very 
eauly  rubbed  off. 

In  cases  in  which  the  most  perfect  preservation  of  the  topographical  features,  as 
well  as  the  minute  structure  of  the  intestiual  mucosa,  is  desired,  even  at  the  expense  of 
an  inspection  of  tlie  fresh  tissue,  another  mode  of  procedure  is  to  be  recommended. 
Selected!  segments  of  the  gut  are.  after  removal  from  the  body,  allowed  t^  remain  un- 
opened on  tlic  table  while  ligatures  are  tied  around  the  ends.  The  isolated  segments, 
or  the  whole  gut,  aro  now  to  be  moderately  filled — not  distended — with  one  of  the 
above  fluids  by  means  of  a  syringe  with  a  needle  canula;  or  one  end  of  the  segment 
may  be  tied  and  the  fixative  introduced  through  a  funnel  at  tlie  other,  which  end  fs  then 
ligated.  The  segments  to  bu  preserved  should  now  bo  placed  unopened  in  the  fixative 
solution.  Afler  twenty-four  hours  they  may  be  opened  with  scissors  or  a  sharp  knife, 
cut  into  suitable  pieces,  and  kept  permanently  in  eighty- percent  alcohol. 

The  Stomach  and  Daodennm. — VTe  now  introduce  the  euterotome  into 
the  duodenum  at  its  transverse  portion,  and  open  it  on  the  convex  border. 

\Vhen  the  pylorus  is  reached  the  incision  is  carried  obliquely  over  to 
the  greater  curvature  of  the  stomach,  along  which  it  is  extended  as  far  as 
the  oesophageal  opening,  and  the  organ  examined  in  situ ;  or,  if  a  more 
careful  examination  of  the  stomach  is  called  for,  after  ascertaining 
whether  or  not  the  bile  duct  is  pervious  (see  below),  the  duodenum  and 
stomach  may  be  removed  together,  and  the  stomach  opened  and  examined 
on  the  table.  Alterations  iu  size  and  form,  the  presence"  of  tumors, 
ulcers,  etc.,  may  now  be  sought  for. 

If  poisoning  be  suspected,  a  ligature  should  have  been  placed,  earlier 
in  the  examination  (see  above),  around  the  lower  end  of  the  oesophagus 
and  the  duodenum.  The  stomach  and  duodenum  are  now  removed  to- 
gether unopened.  They  are  to  be  opened  in  a  carefully  cleansed  glass 
jar,  and  after  an  inspection  of  the  mucous  membrane  and  the  contents 
with  the  naked  eye  aud  a  hand  lens,  stomach,  duodenum,  and  contents 
are  to  be  sealed  in  the  jar  for  the  chemist. 

We  now  look  for  tlie  orifice  of  the  bile  duct,  which  will  be  found 
about  the  middle  of  the  descending  portion  of  the  duodenum  en  its  con- 
cave border.  Pressure  on  the  gall  bhidder  or  on  the  common  duct  will 
usually  cause  the  bile  to  flow  into  the  intestine  if  the  ducts  are  pervious. 
But  a  sufficient  degree  of  stoppage  may  exist  in  the  ducts  to  give  rise  to 
marked  symptoms  of  disease,  without  preventing  the  flow  of  bile  under 
these  conditions,  even  with  a  moderate  pressure.  A  long  director  is  now 
passed  into  the  gall  duct,  which  U  laid  completely  open ;  ulcerations, 
cicatrices,  gall  stones,  iuHammatory  lesions,  and  tumors  are  looked  for. 
In  stricture  of  the  gall  duct  the  mucous  membrane  above  will  often  be 
found  bile-stained,  while  below  it  is  colorless.     At  this  point,  should 
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there  be  any  special  reason  for  doing  so,  the  portal  vein,  -which  lies  close 
behind  the  dactus  choledochus,  should  be  opened  and  examined  for  peri- 
phlebitis, phlebitis,  and  thrombosis.  The  mucous  membranes  of  the 
duodenum  and  stomach  are  now  examined.  Acute  inflammation  from 
cauBtic  poisons,  chronic  catarrhal  inflammations,  heemorrhages,  ulcers, 
erosions,  swelling  of  the  solitary''  follicles  (lymph  nodules),  aud  tumors 
are  lesions  most  frequently  seen.  We  sometimes  find  a  diffuse  cougestiou 
of  the  stomach,  similar  to  that  produced  by  irritant  poisons,  as  a  result 
of  doses  of  croton  oil  given  just  before  death. 


Presbrvatios. — The  same  otetliods  sliould  be  used  aa  for  the  intestines  (see  above). 
Tumors  should  be  cut  into  small  pieces  and  Iianlened  lu  OrLli's  fluid  or  flve-per-cent 
formalin. 

The  liver. — To  remove  the  liver,  the  diaphragm  is  first  divided  on 
one  Bide  of  the  suspensory  ligament  as  far  back  as  the  spine;  the  suspen- 
sory ligament  is  then  divided ;  then  the  right  aud  left  lobes  being  in  turn 
raised,  the  lateral  ligaments  are  severed.  Then,  the  left  lobe  being  seized, 
the  organ  is  dragged  obliquely  downward  into  the  abdominal  cavity,  the 
remainiug  attachments  being  dissected  away.  The  liver  is  first  laid  on 
its  superior  surface  and  the  gall  bladder  and  its  contents  are  examined. 
The  character  of  the  gall  is  to  be  determined,  and  gall  stones,  inflam- 
matory lesions,  and  tumors  are  to  be  sought  for.  To  determine  the 
actual  size  of  the  organ,  it  should  be  both  mea.sured  aud  weighed.  Its 
size  varies  greatly  in  different  healthy  individuals,  but  in  general  it  may 
be  said  tliat  it  measures  from  25  to  30  cm.  transversely,  from  15.3  to  18 
cm,  an tero- posteriorly,  and  from  9  to  12  cm.  at  its  thickest  part ;  its  or- 
dinary weight  is  between  1,550  and  1,860  grams.  In  children  its  weight 
relative  to  that  of  the  body  is  greater  than  in  adults.  The  liver  is 
increased  iti  size  and  weight  during  digestion  aud  by  congestion  from 
any  cause. 

The  convex  surface  of  the  right  lobe  of  the  liver  not  infreqneuHy 
shows  several  grooves  running  from  front  to  back,  approximately  par- 
allel with  the  suspensory  ligament  of  the  liver.  These  grooves,  which 
may  be  found  in  persons  of  all  ages,  are  believed  by  some  to  be  usually 
congenital,  by  othei's  to  be  the  result  of  pressure  of  the  diaphragm  aud 
the  abdominal  muscles  on  a  relaxed  atrophic  li\'er.  They  seem  in  auy 
event  to  be  of  no  practical  importance.  On  the  other  hand,  a  transverse 
groove  running  at  right  angles  to  the  axis  of  the  body  is  a  uot  infrequent 
result  of  tight  lacing,  and  is  usnally  associated  with  local  coimective- 
tissue  thickening  of  the  capsule  and  underlying  tissue  of  the  liver.  In 
this  way  the  liver  may  become  much  distorted  and  the  gall  bladder  com- 
promised. 

The  capsule  of  the  liver  is  now  examined;  the  organ  is  then  laid  on  its 
lower  surface  and  several  deep  iucisious  are  made  from  abo^■e  downward. 
The  color  and  consistence  of  the  liver  ti.ssue  should  be  noticed,  also  the 
distinctness  with  which  the  lobular  outlines  can  be  seen;  whether  or  not 
the  centres  of  the  lobules  are  congested  or  their  peripheries  lighter  in 
color  than  usual ;  the  presence  of  tunioi-s,  tubercles,  abscess,  et^chiuococ- 
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CHS,  new  coniiective  tiasne,  aii3  pigmentation.    Suspected  amyloid  de- 
generation should  be  tested  for  by  iodine  solution. 

We  often  find  the  surface  of  the  liver  of  a  greenish  or  very  dark- 
brown  color ;  less  frequently  the  same  color  extends  iuto  the  substance  of 
the  organ.  This  discoloration,  which  is  entirely  post  mortem,  is,  like 
the  simitar  discoloration  of  other  internal  organs,  produced  by  the  action 
of  the  gases  of  putrefaction  on  the  coloring  matter  of  the  blood. 

Pbesebvation. — For  the  study  of  pareDChj-matoua  degeneration,  sections  of  the 
fresh  frozen  tissue  or  small  tensed  fragments  should  be  examined  ia  lialf-per-cent  salt 
solution.  For  general  purposes  small  pieces  should  be  hardened  in  Orth's  fluid  or  in 
fonnalin  solution  (5  ;  100)  or  in  alcohol.    Tumors  should  be  ti-eated  in  the  same  way. 

The  Fancreu. — This  oi^u,  of  a  light  yellowish-red  color,  is  elon- 
gated, irregularly  prismatic  iu  shape,  and  flattened  antero-posteriorly ; 
the  right  end,  called  the  head,  is  broader  than  the  rest  and  lies  in  the 
concavity  of  the  duodenum.  The  remainder  of  the  orgau,  the  body  and 
tail,  are  usually  tapering  and  lie  transversely  in  the  abdominal  cavity, 
the  tail  reaching  to  the  spleen.  Its  size  and  weight  varj'  considerably; 
its  usual  length  is  from  13.3  to  23  cm. ;  it'ibreadthahout3,8to4.5cm. ;  its 
thicknessabout  1.3  to3.8  em. ;  its  weight  is  usually  from  TO  to  108  grams. 
The  organ  may  be  rounded  instead  of  flattened ;  the  head  and  tail  may 
be  disproportionately  large;  the  tail  may  be  unusually  long  or  may  be 
divided  or  curved.  The  superior  mesenteric  artery  and  vein,  which  pass 
behind  the  gland,  are  usually  partly  embedded  in  it,  but  are  sometimes 
completely  enclosed. 

A  longitudinal  incision  should  be  made  through  the  whole  gland, 
and  its  substance  and  duct  should  be  searched  for  calculi,  tumors,  mal- 
formations,  and  evidences  of  acute  and  chronic  inflammation,  fat  necro- 
sis, and  amyloid  degeneration  of  the  blood-vessels.  The  pancreas  is 
frequently  of  a  dark-red  color  from  postmortem  staining. 

Presehvation.— portions  of  this  organ  should  bo  hardened  in  strong  alcohol, 
Orth's  lluid.  or  in  Flemmiog's  osmic-acid  mixture. 

The  examination  of  the  tharacic  duct,  which  lies  to  the  right  and 
posterior  to  the  aorta,  may  now  be  made.  Among,  the  most  important 
of  its  lesions  is  tuberculosis,  since  it  has  been  shown  that  from  a  tuber- 
culous lesion  here  the  generalization  of  the  bacilli  not  infrequently  oc- 
curs. Inflammatory  lesions,  carcinoma,  partial  or  total  occlusion  from 
pressure  may  be  foimd. 

The  solar  plexus,  which  surrounds  the  origin  of  the  cceliac  axis  and 
the  sujierior  mesenteric  artery  and  lies  between  the  adrenals,  may  now 
be  sought.  Lesions  of  the  semilunar  and  other  ganglia  are  to  be  noted — 
atrophy,  pigmentation,  and  degenerations. 

The  condition  of  the  h^molymph  nodes  in  the  prevertebral  fat  should 
be  ascertained  (see  p.  400). 

The  Aorta. — This  vessel  eithei-  t»  situ  or  after  removal  should  be 
opened  by  an  incision  extending  its  whole  length  and  continued  into  its 
larger  branches. 
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The  Genito-Usinaey  Organs. 

The  Hale  Oi^ani. — If  tlie  urine  is  to  beexamiucd  it  maybe  drawn  off 
with  a  catheter ;  or  a  vertical  incision  may  be  made  into  the  bladder  just 
abo\e  the  symphysis  pubis,  and  some  of  the  urine  dipped  out.  The  cut 
eud  of  the  rectum  should  now  be  grasped  with  the  left  haud  aud  raised 
np,  and  this  and  the  bladder,  prostate  gland,  etc.,  dissected  away  from 
the  pelvis,  the  knife  being  carried  close  to  the  bone.  The  bladder  is 
now  drawn  backward  and  the  loose  tissue  close  under  the  syniphj-sis 
pubis  cut.  The  body  of  the  peuis  is  then  showed  backward  within  the 
skin  and  dissected  away  from  behind,  beneath  the  symphysis,  aud  finally 
cut  off  just  behind  the  glans  penis.  The  penis  and  bladder  are  now 
drawn  backward  and  upwai-d,  and  the  pelvic  organs  removed  together. 
Or,  the  penis  may  be  i-emoved  by  sawing  away  the  bones  above  the  pubic 
arch,  aud  then  dissecting  away  the  peuis,  whose  root  is  thus  exposed. 

The  pelvic  oi^ns  are  then  laid  on  the  table,  the  bladder  uppei-mast ; 
a  long  director  is  passed  into  the  urethra,  which  is  opened  on  its  upper 
surface  through  its  entire  length,  and  the  bladder  widely  opened.  In 
the  urethra  the  presence  of  strictures,  di\ertieula,  ulcers,  inflammatory 
lesions,  is  to  be  noticed;  in  the  bladder  inflammatory' lesions,  hypertro- 
phies, congestion  aud  ecchymosis  of  the  mucous  membrane,  hyperplasia 
aud  ulcers  of  the  lymph  uotlules,  and  tumors.  The  organs  are  now 
turned  over;  the  rectuin  is  opened  and  examined  for  \'aricose  \'eins,  hiem- 
orrhi^s,  ulcers,  strictures,  and  tumors.  The  prostate  gland  is  then  cut 
into  and  the  presence  of  calculi,  iuflanimatorj'  lesions,  hypertrophies, 
and  tumors  sought  for.  Lastly,  the  res>cul(F  semhialen  are  examined,  in 
which,  though  rarely,  we  may  find  evidences  of  tuberculous  inflammation 
and  dilatation. 

The  Testicles  may  be  removed,  when  necessary,  without  cutting  the 
scrotum,  by  enlarging  the  inguinal  canals  from  within  and  crowding  the 
glands  through  them  aud  cutting  them  off.  The  average  weight  of  the 
adult  testicle  with  its  epididymis  is,  according  to  Krause,  from  15  to 
24.5  grams.  Inflammatorj'  lesions,  tuberculosis,  abscesses,  and  tumors 
ai-e  the  most  frequent  lesions. 

pRESERVATios.— The  urctliml  canal  and  bladder  may  lie  pinned  opeu  and  liardene<l 

in  Orth's  Huid  or  iu  Flemmiug's  osmic-acid  mixture.    Tlie  proslate,  vcsicula;  seminales. 
testicles,  and  tumors  may  be  hardened  in  tiie  same  fluids. 

The  Female  O^ans. — The  i)08ition  and  general  condition  of  the  pelvic 
organs  should  first  be  determined  by  inspection,  Abuormal  adhesions 
of  the  ovaries,  broad  ligaments.  Fallopian  tubes,  and  uterus ;  malposi- 
tions of  the  uterus;  subserous  tumors  of  the  uterus,  aud  ovarian  tiunors, 
ai-e  frequently  observed.  Haemorrhage  into  the  posterior  md-de-sae  is 
sometimes  found.  The  urine  should  be  collected,  if  necessary,  as  above 
directed;  the  organs  should  be  disse<'ted  away  laterally,  as  iu  the  male, 
eare  being  taken  not  to  injure  the  ovaries  aud  Fallopian  tubes.     The 
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bladder  is  then  drawn  strongly  backward  and  upward,  and  dissected 
away  from  tbe  sympbysis  and  tbe  pubie  arch,  and,  the  point  of  the  knife 
being  carried  forward  and  tlowiiwant,  the  vagina  is  cut  off  in  its  lower 
third,  tbe  rectum  severed  jiL<4t  above  the  anus,  tbe  remaining  attachments 
cat,  and  the  pelvic  organs  are  taken  out  together.  If  it  be  necessary  to 
remoie  the  extenial  generative  organs,  after  freeing  the  lateral  Kurfaces 
of  the  internal  organs  and  the  bladder,  the  legs  are  widely  separate«l  and 
the  vulva  and  anus  ciix'umscribed  by  a  deep  incision.  The  tissues  close 
beneath  the  pubic  arch  are  now  dissected  away  from  below,  and  the 
vulva  is  thru-st  back  beneath  the  symphysis ;  it  is  now  Keize«l  above  the 
boue,  an<l  together  with  the  anus  dissected  away  and  removed  with  the 
other  organs. 

The  bladder  is  first  opened  and  examined.  The  culpa  may  now  be 
examined  for  hypertrophies,  inflammatory'  lesions,  ulcers,  cicatrices, 
cysts,  and  tumors.  The  vagina  is  opetied  along  the  anterior  surface :  its 
more  common  lesions  are  inflammations,  fistulee,  ulcers,  tumors,  and 
rarely  cysts. 

Thf  Vterua. — Before  opening  this  organ  its  size  and  shape  dionld  be 
determined.  The  adult  virgin  uterus  is  a  pear-shaped  body,  flattened 
antero-poeteriorly ;  the  upper  portion,  or  body,  Ls  directed  upwanl  and 
forward,  while  the  lower  portion,  the  cer\-is,  is  directed  downward  and 
t>ackward.  It  is  co\ered  anteriorly  by  peritoneum  to  a  point  a  little 
below  tbe  level  of  the  os  internum ;  posteriorly,  to  a  point  a  little  below 
the  level  of  its  junction  with  the  vagina.  Tbe  |>eritoneal  investment 
separates  from  the  organ  at  the  sides  to  form  the  broad  lignmenta  The 
uterus  is  held  in  position  by  the  broad  and  round  ligaments  and  by  its 
attachments  to  the  bladder  and  rectum  and  vagina.  Tbe  upper  end, 
the  fundus,  does  not  extend  above  tbe  le\el  of  the  brim  of  the  pelvis. 
Its  average  length  is  about  7.6  cm.;  its  breadth  about  6.1  cm.;  its 
thickness  about  2.5  cm. ;  its  average  weight  is  about  31  to  46  grams. 
During  menstruation  the  utenis  is  slightly  enlarged,  tbe  mucous  mem- 
branes of  the  body  becomes  thicker,  softer,  and  its  ves.sels  are  engoi^ed 
with  blood ;  while  its  inner  surfiice  is  more  or  less  thickly  covered  with 
blood  and  cell  detritus.  A  description  of  thecomplieated  changes  in  the 
uterus  which  pregnancy  entails  may  be  found  in  the  works  oa  obstetrics. 
After  pregnancy  the  uterus  does  not  return  to  its  original  size,  but  re- 
mains somewhat  lai^r;  the  os  is  wider  and  fre<iuently  fissured. 

We  not  infrequently  find  in  the  mucous  membrane  of  the  lower  part 
of  the  cenis  small  transparent,  H]>heroidal  structui-es,  called  o^'ula 
Sabothi;  these  are  small  retention  cysts  caused  by  the  closure  of  the 
orifices  of  the  nuicous  glands.  Tbe  moi-e  common  lesions  olxsened  in 
the  utenis  are  malpositions,  malfornmtions,  lacerations,  ulcerations  of 
the  cervix,  acute  and  chronic  inflammation  of  the  mucous  membrane  or 
mnscularis,  or  both,  thrombosis  and  inflammation  of  the  veins,  and 
tumors. 

In  the  infant  the  uterus  is  small,  the  body  flattened,  the  cervix  dis- 
proportionately large.     During  childhood  the  organ  increa.ses  in  size. 
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but  the  body  remains  small  in  proportion  to  the  cervix.  At  puberty,  the 
shape  changes,  and  the  body  becomes  larger. 

The  Ovaries  are  flattened,  ovoidal  bodies,  situated  one  on  each  side, 
and  lying  nearly  horizontally  at  the  back  of  the  broad  ligament  of  the 
uterus.  Their  size  Is  variable,  and  they  are  usually  largest  in  the  virgiu 
state.  They  measure  about  3.8  cm.  in  length,  1.9  cm.  in  breadth,  and 
nearly  1.3  cm.  in  thickuess.  Their  average  weight  is  from  3.9  to  6.5 
grams.  The  sides  of  the  ovary  and  its  posterior  border  are  free ;  it  is 
attached  along  the  anterior  border;  to  its  end  is  attached  the  ovarian 
ligament ;  to  its  outer  extremity  one  of  the  flmbrite  of  the  Fallopian  tube. 
The  ovary  is  covered  ou  its  free  surface  by  cylindrical  epithelium,  and 
its  surface  is  less  glistening  than  the  general  peritoneum.  The  surface 
of  the  ovary  is  smooth  in  the  young,  but  become  rougher  and  depressed 
in  spots  as  the  process  of  ovulation  goes  on.  In  adult  females  we 
usually  find  corpora  lutea  in  their  various  stages.  We  should  seek  for 
evidences  of  acute  and  chronic  inflammation,  for  tumors  and  cysts. 

The  FaUopkin  Tubes,  lying  in  the  upper  margin  of  the  broad  liga- 
ments, are  from  7.f>  to  10  em,  in  length.  The  length  often  difi'ers  con- 
siderably ou  the  two  sides.  They  commence  at  the  upper  angles  of  the 
uterus  as  small  perforated  cords,  which  become  larger  further  outward 
and  bend  backward  and  downward  towai-d  the  ovary.  They  terminate 
in  an  expanded  fimbriated  extremity  about  2.5  em.  beyond  the  ovary. 
They  are  covered  by  peritoneum,  and  the  mucous  membrane  lining  them, 
continuous  with  that  of  the  uterus,  is  thrown  into  longitudiual  folds. 
Malpositions  by  adhesions,  closure,  inflammations,  and  cysts  are  the 
more  common  lesions.  The  possibility  of  tubal  pregnancy  should  be 
borne  in  mind. 

Pheservatiok. — All  of  these  organs  and  tlieir  tumors  may  be  hardened  in  Orih's 
fluid,  ur  in  Flemming 'a  oamii^-acicl  mixture.  The  vagina  should  be  stretched  Hat  oticork. 
and  tile  cavity  of  tlie  uterus  laid  wide  open.  Great  care  sliould  be  taken  not  to  touch 
either  tiie  internal  surface  of  the  uterus  or  the  external  surfaces  of  the  ovaries,  since 
in  both  the  epithelium  is  very  easily  rubbed  off. 

It  is  better,  after  opening  them  )>y  a  transverse  ineision,  lo  suspend  the  ovaries  by 
a  thread  in  a  jar  of  the  preservative  fluid  than  to  let  them  lie  on  the  bottom,  since  the 
epithelium  is  thus  toss  likely  to  be  rubbed  off.  Larger  cysts  of  the  ovary  for  exhibition 
purposes  should  be  distended  with  preservative  fluid  (see  page  61), 

The   Closure   of  the   Body  after  the  Fost-Mortem 
Examination. 

At  the  end  of  the  autopsy  the  body  should  be  restored  as  nearly  as 
possible  to  its  natural  external  appearance. 

Fluids  should  be  removed,  vacant  spaces  filled  with  absorbent  mate- 
rial, sueli  as  cotton,  jute,  or  sawdust,  and  the  incisions  closed  by  sutures. 
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Bacterial  Examination  of  Post-Mortem  Specimens. 

It  is  often  important  to  make  a  thorough  post-mortem  examination 
by  cultnres  as  well  as  morphologically  of  the  blood  and  of  all  the  vis- 
cera. This  is  important  not  only  in  those  cases  vhich  during  life  gave 
clinical  evidence  of  general  infection,  but  also  in  many  forms  of  disease 
whose  nature  is  still  wholly  obscure. 

la  the  interpretation  of  the  results  of  all  such  examinations,  however, 
it  should  be  borne  in  mind  that  after  death  a  new  distribution  of  germs 
may  occur,  and  that  from  the  gastrointestinal  canal  and  from  other  sur- 
faces or  cavities  of  the  tM)dy  micro-oi^niBras  may,  as  decomposition 
progresses,  iienetrate  the  tissues  and  the  viscera. 

A  careful  consideration  of  the  general  conditions  under  which  the 
body  has  been  kept  and  its  state  of  decompositiou  is  of  especial  impor- 
tance in  the  interpretation  of  the  significance  of  the  Bacillus  coH  com- 
munis, which  is  always  present  in  such  enormous  numbers  iu  the  intes- 
tinal canal,  and  which  is  not  only  apt  to  effect  wide  distribution  in  the 
body  after  death,  but  as  a  result  of  careless  manipulation  is  likely  to  be 
accidentally  brought  in  contact  with  other  viscera  after  the  opening  of 
the  gut.  The  preparation  of  cover  slips  for  staining  and  the  making  of 
cultures  is,  as  a  rule,  best  done  at  the  autopsy  table. 

It  is  well  an  each  organ  is  exposed — commencing  with  the  heart — to 
sear  the  surface  of  the  organ  to  be  examined  with  a  broad-bladed  knife 
heated  over  a  flame,  and  then,  making  an  incision  through  the  seared 
surface  with  a  sterilized  scalpel,  to  press  a  sterilize<l  cotton  swab  (see 
p.  155)  into  the  opening  and  absorb  the  juices  which  exude,  or  to  pick 
out  a  small  fragment  of  the  solid  tissue  from  the  depths  of  the  opening, 
or  to  secnre  some  of  the  bloo<l  or  fluid  on  a  sterilized  platinum  loop; 
and  then  with  the  material  thus  procured  make  the  required  cultures 
and  afterward  the  cover-slip  smears  for  staining. 

If  it  be  iiecesssiry  to  transport  the  material  to  the  laboratory  t)efore 
making  cultures,  it  is  well  to  leser^'e  the  unopened  oi^ns,  or  lai^e  por- 
tions of  these  in  the  case  of  the  solid  viscera,  and  to  wrap  each  separately 
iu  a  cloth  saturated  with  sublimate  solution,  or  to  put  each  in  a  separate 
sterile  receptacle  for  transportation. 

It  is  well  to  remember  that  in  the  last  hours  of  life  the  safeguards 
of  the  body  against  the  entrance  and  growth  of  micro-organisms  may 
be  ineffective,  so  that  the  determination  of  the  significance  of  bacteria 
in  the  tissues  a  short  time  after  death  requires  care  and  experience.' 

Autopsies  in  Hedico-Legal  Cases. 

While  every  autopsy  should  be  made  as  carefully  and  completely 
as  circumstances  permit,  it  should  t>e  always  borne  in  mind  that  in 
examinations  which  may  have  medico-legal  bearings  it  is  of  the  liighest 

'  For  details  of  bacttrial  flora  of  Ih?  h»mnn  body,  gee  references  pp.  5  and  182. 
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importance  to  examine  thoroughly  both  maci-oscopically  au^  microscop- 
ically every  part  of  the  body  from  which  light  may  be  deri^■ed  as  to  the 
cause  of  death,  for  in  medico-legal  cases  it  is  not  infrequently  as  impor- 
tant to  be  able  by  a  complete  examination  to  declare  the  absence  of  le- 
BiODS  which  could  cause  death  as  to  determine  the  presence  of  those  upOD 
which  tlie  opinion  as  to  the  actual  cause  of  death  in  a  particular  case 
rests.  Bearing  this  in  mind,  the  technique  of  autopsy-making  is  essen- 
tially the  same  whatever  the  ends  which  the  facts  elicited  may  be  des- 
tined to  serve. 

Autopsies  in  Cases  of  Suspected  Poisoning. 

In  cases  of  suspected  poisoning  which  may  possibly  have  a  medico- 
legal bearing,  the  examination  should  be  made  with  extreme  care  and 
tJioroughness.  The  iuspection  of  the  t>ody  and  the  examiuation  of  aU 
the  viscera  should  be  thorough  and  detailed.  Everj-  appearance  should 
be  noted  at  the  time,  and  nothing  left  to  thememorj^.  It  is  well  to  have 
an  assistant  recoi-d  the  observations  as  they  are  made.  The  disposition 
of  the  parts  and  orgaus  in  jars  should  also  be  noted  at  the  same  time. 

It  is  important  to  remember  that  many  poisous  destroy  life  without 
producing  appreciable  lesions,  and  also  that  many  cases  of  sudden  death 
occur,  not  due  to  poisons,  and  without  any  discoverable  cause. 

In  bodies  which  are  exhumed  for  examination,  the  tissues  may  he  so 
changed  by  decomposition  that  it  is  impossible  to  say  whether  lesions 
have  or  have  not  existed.  In  such  cases  the  careful  and  separate  preser- 
vation of  the  viscera  and  other  parts  for  chemical  examiuatiou,  is  often 
all  that  can  be  done. 

It  is  always  best,  in  cases  of  suspected  poisoning,  to  preserve  for  the 
chemist  not  only  the  stomach  and  intestines,  but  the  entire  liver  and 
brain ;  or,  if  only  portions  of  these  can  be  saved,  these  portions  should 
be  carefully  weighed,  as  well  as  the  entire  organs,  and  the  relative 
aiuonnt  of  tissue  reserved  carefully  noted  at  the  time.  It  is  even  well, 
particularly  in  cases  in  which  the  administration  of  the  readily  diffusible 
poisons,  such  as  arsenic,  strychnia,  etc.,  is  suspected,  to  pi-esene  the 
whole  of  all  the  internal  organs,  together  with  a  lai^  piece  of  muscle 
and  bone;  since  with  large  quantities  of  tissue  the  results  of  the  chemi- 
cal analysis  dei)end  less  upon  calculations,  and  are  hence  more  compre- 
hensible to  the  average  jury.  In  all  such  cases  jars  should,  if  possible, 
be  procured  which  have  never  t>een  used  before,  and  these  should  be 
carefully  washed  and  rinsed  with  distilled  water.  They  should  have 
glass  stoppers  and  be  sealed  at  once  and  carefully  labelled  before  leaving 
the  hands  of  the  oi>erator.  If  they  can  be  delivei'ed  tothe  chemist  with- 
out much  delay,  no  preaervativ'e  fluid  should  be  added.  If  they  are  to 
be  kept  for  a  considerable  time,  pending  the  action  of  a  coroner's  jury 
or  for  some  other  reason,  a  small  quantity  of  pure  strong  alcohol  may 
be  poured  over  them.  In  this  ease  the  operator  should  be  particular  to 
preserve  a  quantity,  at  least  half  a  pint,  of  the  specimen  of  alcohol  used, 
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in  a  dean,  sealed,  aod  labelled  bottle,  so  that  this  may  be  tested  by  the 
chemist  and  be  proven  to  be  free  from  the  poisou.  It  is  better  id  all 
cases,  however,  to  avoid,  if  possible,  the  use  of  alcohol.  In  all  autop- 
sies vbicb  may  have  medico-legal  importance  full  uotes  should  be  takea 
by  an  assistaDt  as  the  operation  proceeds,  carefully  read  over  immediately 
afterward  and  dated,  and  kept  by  the  operator  for  future  reference. 
The  labelling  and  disposition  of  the  jars  should  be  recorded  in  the  notes. 
The  specimens  should  not  for  a  moment  be  out  of  the  sight  of  the  oper- 
ator until  they  are  placed  nnder  lock  and  key  and  seal,  or  are  delivered 
to  some  authorized  person,  so  that  there  may  be  no  question  of  their 
identity  should  the  case  come  into  court. 

Examination  of  the  Bodies  of  H«w-bom  Ohildran.' 

Id  examining  the  bodies  of  new-born  cliildren,  we  may  have  to  determine,  besides 
the  ordinary  lesions  of  disease,  the  age  of  tlie  child,  whether  It  van  bom  alive,  how  long 
it,  has  been  dead,  what  was  the  cause  of  deaCli. 

Sue.  Aoe,  andCharacterbof  the  New-boks  Chh-d. — The  fresh  corpse  of  a  new- 
born child  at  term  no  longer  resembles  that  of  the  immature  t»tus.  The  skin  is  flrm 
and  pale,  like  that  of  an  a<lult.  The  lanugo  has  disappeared  except  on  the  shoulders. 
Id  the  majorit;  of  cases  the  hair  on  the  head  fs  I.li  to  2  cm.  long.  The  great  fontanelle 
is.  in  the  average.  3  to  3  em.  long.  As  determined  by  an  analysis  of  601  cases,  the  aver- 
age length  is  50  cm,  the  weight  3,25fl  grams.  The  nails  are  liard  and  reach  to  llic  tips 
of  the  fingers,  but  not  to  those  of  the  toes.  The  cartilages  of  the  ears  and  nose  are  hard. 
The  labia  are  niore  nearly  cloBe<l.  An  ossification  centre  in  the  lower  epiphysis  of  the 
femur  should  be  sougbt  for,  as  its  presence  is  one  of  the  most  reliable  signs  of  the  ma- 
turity of  the  futus.  If  It  is  altsent,  the  fn!tus  is,  as  a  rule,  not  more  than  ihirty-seven 
weeks  old ;  but  in  rare  cases  it  may  be  absent  at  term,  A  centre  of  ossification  1  mm, 
in  diameter  indicates  an  age  of  37  to  38  weelis,  if  the  child  was  bom  dead  or  died  soon 
after  birth.  Rarely  it  is  no  larger  than  this  at  term.  A  diameter,  at  birth,  of  1.5  to  9 
mm.  indicates  an  age  of  40  weeks.  A  diameter  of  more  llian  9  mm.  indicates,  as  a  rule. 
that  the  child  has  lived  some  time  after  its  birth :  a  less  diameter  than  7  nmt.,  however, 
does  not  prove  the  coDtrari'. 

Tieenty-fonr  hourt  afUr  the  birth  of  the  child  the  skin  Is  firmer  and  paler.  The  um- 
bilical cord  is  somewhat  slirivelled.  although  still  soft  and  bluish  in  color.  From  the 
Mcond  to  the  third  dny  the  sitin  has  a  yellowish  tinge  and  the  cuticle  sometimes  appears 
cracked.  The  umbilical  cord  is  brown  and  dry.  From  the  third  to  the  fourth  day  the 
skin  is  yellower,  and  the  cuticle  is  apt  to  separate  from  the  skiu.  The  umbilical  cord 
is  of  a  hrownish-re<l  color.  Battened,  semt- transparent  and  twisted  The  skfn  around 
lis  Insertion  is  red  and  congested. 

General  Inspe<:tion. — The  head  sliould  be  examined  for  the  marks  of  Injuries. 
Very  commonly  some  portion  of  the  scalp  will  be  found  swollen  and  mflltrated  with 
bloi>d  and  serum.  This  may  be  the  caput  m/rfediiieum  formed  during  delivery.  The 
mouth  and  nose  should  he  exaniiued  for  the  prcsinct  of  fureign  bodies  which  might 
have  caused  suffocation. 

The  jifck  should  be  examined  for  marks  of  strangulation  The  umbilical  cord  may 
be  twisted  around  the  child's  neck  and  strangk  it  Tht  mark  left  bi  the  cord  is  usu- 
ally continuous,  broad,  not  excoriated,  sometimes  accompanied  b}   iccli)  moscs  in  the 

The  surface  of  the  body  should  be  examined  for  the  presence  of  vemix  caseosa. 

'The  human  embryo,  according  to  the  estimate  of  His,  measures  in  length  approxi 
mately  at  4  weeks  from  7-S  mm. ;  al  5  weeks  13  mm. ;  at  the  end  of  the  second  month 
25-28  mm.  S/iroder  estimates  the  approximate  length  of  the  fmus  at  later  lunar 
months  as  follows:  8rd,  70-60  mm. ;  4lli,  100-170  mm. :  5th,  180-270  mm.  6tli  280-340 
mm. :  Tth,  350-380  mm. ;  8tli,  425  mm, ;  9lli,  467  mm. ;  10th  490-500  mm.  Consult  for 
further  data  McMurrleh,  The  Development  of  the  Human  Bodv,  1903.  p,  108,  Bihl. 
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blood,  marks  of  lojury,  aud  tbu  existcDce  of  putrefaction.  It  sbould  be  rememberea 
tbat  putrefaction  ia  apt  to  commence  earlier  in  the  bodies  of  young  cbildreu  tban  \a 
those  of  adults. 

The  umhilieal  eoiil  may  be  cut  or  torn.  It  usually  separates  by  the  fifth  day.  some- 
times not  until  the  tenth.  If  the  umbilicus  is  cicatrized  and  healed,  the  child  luis  prob- 
ably lived  for  three  weehs.  A  zone  of  redness  around  the  iosertioD  of  the  cord  may  ex- 
ist previous  to  birth.  Redness  and  swelliDg  (which  may  disappear  after  death)  with 
BuppuratioQ  can  be  found  only  in  a  child  which  has  lived  for  several  days.  The  drying 
and  mum miS cation  of  the  cord  may  take  place  as  welt  in  dead  as  in  living  children. 
It  is  possible  for  a  child  to  die  by  htemorrhage  from  a  cut  or  torn  cord,  either  before  or 
after  It  has  breathed.  Tlie  umbilical  vessels  should  be  examined,  as  they  may  be  the 
seat  of  umbilical  infection. 

The  extremitieg  may  exhibit  fracture  of  the  bones.  These  may  occur  during  intra- 
uterine life,  from  injuries  to  the  woman  or  fivm  unknown  causes;  or  may  be  produced 
by  violence  in  delivery,  or  by  injuries  after  birth. 

Internal  Examination,— 7"**  i/eod.— The  fontanelles  and  sutures  should  first  be 
examined  as  to  their  size  and  for  penetrating  wounds.  Aninclslon  should  then  be  made 
through  the  scalp  across  the  vertex,  and  the  flaps  turned  backward  and  forward  as  in 
the  adult.  With  a  small  knife  the  edges  of  the  bones  should  be  separated  from  the 
membranous  sutures  and  the  dura  mater,  beginning  low  down  in  the  frontal  and  going 
back  Into  the  lambdoidal  suture  on  either  side.  The  bones  are  then  drawn  outward  and 
cut  through  around  the  skull  with  strong  scissors.  The  brain  is  removed  and  examined 
as  in  the  adult.' 

Effusions  of  blood — cephalhiematoma — may  be  formed,  soon  after  birth,  between 
the  pericranium  and  bone,  or.  more  rarely,  between  the  dura  mater  and  hone.  Clots  are 
also  found  between  the  dura  mater  and  skull;  between  the  dura  and  pia  mater:  more 
rarely  in  the  substanccof  the  brain,  as  the  result  of  protracted  or  instrumental  deliveries, 
or  of  injuries  after  birth. 

The  cranial  houes  may  be  malformed,  or  exhibit  the  lesions  of  rickets  or  caries,  or 
be  indented,  fissured,  or  fractured.  These  latter  lesions  may  be  produced  during  intra- 
uterine life  by  Injuries  to  the  mother,  by  unknown  agencies,  by  dIRicult  deliveries,  or 
by  direct  violence  after  birth. 

In  cases  of  chronic  internal  hydrocephalus  In  young  children,  In  which  the  ventri- 
cles are  much  dilated  and  the  bram  substance  is  thinned  over  the  vertex,  the  brain  is  very- 
apt  to  be  torn  in  removal,  and  the  amount  of  dilatation  thus  becomes  dilflcult  of  delcr- 
mination.  It  is.  therefore,  better  in  such  cases  to  place  a  pail  of  water  beneath  the  head, 
or  even  immerse  the  latter  In  ii.  and  remove  tlie  brain  in  the  water.  In  this  way  it  floats 
nfter  removal,  supported  on  all  sides.  It  may  now  be  opened  in  the  water  and  the  ex- 
teat  of  the  lesion  determined  at  once,  and  parts  saved  for  microscopical  examination. 

If  it  be  desired  to  preserve  the  brain  for  demonstration  of  the  lesion  or  for  a  museiun 
specimen.it  sliould  be  transferred  unopened  to  a  hirge  jar  containing  fiveper-cent.  forma- 
lin. A  portion  of  the  ventricular  fluid  should  now  be  removed  with  a  syringe  provided 
with  a  small  eanula,  and  replaced  by  formalin.  This  may  be  done  by  puncturing  the 
ventricles  from  below.  The  fluid  in  the  jar,  as  well  as  in  the  ventricles,  should  be 
changed  in  forty-eight  hours.  The  brain  may  then  be  cut  transversely  across,  when 
the  degree  of  dilalalion  of  the  ventricles,  etc..  will  be  reveale*!.  The  weight  of  the 
brain,  according  to  Bischoff.  is  380  grams. 

It  is  normally  much  softer  and  pinker  than  in  the  adult,  the  pia  more  delicate;  both 
may  be  much  congested  or  antemic  without  known  cause.  The  ventricles  contain  very 
little  serum.  Malformations,  apoplexies,  hydrocephalus,  simple  and  tuberculous  inflam- 
matory lesions,  are  to  be  looked  for. 

The  Spinal  Curd. — Extravasations  of  blood  between  the  membranes  of  the  cord 
may  occur  from  the  same  causes  as  those  in  the  brain.  Spina  bifida  is  the  most  fre- 
quent malformation. 

Tlie  Thora-x  and  Abdomen. — These   are  opened  as  in  the  adult.      The  peritoneal 

'  Or  an  incision  through  the  hones  with  a  fine  saw  may  be  made  as  In  the  adult. 
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earity  conialus  a  very  little  clt^ar  serum.  A  red  Huid  may  be  produced  by  decompod- 
tioD.     The  peritoneuro  ie  otten  the  seat  of  iDtra-uterinc  inQammatioD. 

Tht  Diap/iroffta. — In  Btill-bom  infants  its  convexity  re&ches  to  the  fourth  or  flfth  rib. 
After  respiration  it  reaches  a  point  between  the  fourth  and  seventh  ribs.  Its  pKottion 
is,  however,  so  variable  that  it  is  of  little  diagnoslic  importance. 

The  TAoraz.—Tbe  Ihymut  gland,  at  Ihia  period  very  Urge,  occupies  the  upper  por- 
tion of  the  anterior  mediastinum,  covering  the  trachea  and  large  vessels.  Its  average 
weight  is  about  15.S  grams.  It  is  usually  about  5  cm.  long,  3.8  cm.  wide  at  its  lower 
part,  and  alx)ut  .03  to  .8J}  cm.  in  tluckness.  It  may  be  hypcrtrophied  and  compress 
the  large  vessels,  or  be  inflamed  and  suppurating. 

The  heart  lies  more  nearly  in  the  median  line  than  In  tlie  adult.  It  weighs  from 
30  to  34  grams.  The  ventricular  walla  are  of  nearly  equal  thickness.  The  pericardium 
contains  very  little  serum.  A  considemble  quantity  of  red  fluid  may  accumulate  here 
as  a  result  of  decomposition.  Ttiere  may  be  small  extravasations  of  bloo<l  beneath  the 
pericardium  in  siill-bom  children  and  In  those  bom  alive.  Pericarditis  with  effusion  of 
serum  and  fibrin,  and  endocarditis  with  consequent  clionges  in  the  valves,  tnay  exist 
before  birth.  Malformations  and  malpositioDB  of  the  heart  and  targe  vessels  are  not 
infrequent.  The  time  of  closure  of  the  foramen  ovale  and  the  ductus  arteriosus  varies 
very  widely  in  different  caseai 

The  jieural  eariCift  contain  very  little  serum,  but  decompoeilion  may  lead  to  the 
accumulation  of  a  considerable  quantity  of  red  fluid.  Small  extravasations  of  blood 
in  the  subpleural  tissue  may  be  found  in  children  who  have  died  before  birth  and  after 
protracted  labors.  Inflammation,  with  exudation  of  serum,  fibrin,  and  pus.  may  exist 
before  birth. 

The  lunst  in  a  still-bom  child  are  small,  do  not  cover  the  heart,  are  situated  la  the 
upper  and  posterior  portion  of  the  thorax,  are  of  a  dark-red  color  and  of  firm,  liver-like 
consistence,  and  do  not  crepitate.  In  a  child  bora  alive,  and  which  has  respired  freely, 
the  lungs  fill  the  thoracic  cavity,  but  do  not  cover  the  heart  as  much  as  in  the  adulti 
they  are  of  a  light-red  or  pink  color,  ond  crepitate  on  pressure.  If  respiration  has  been 
incompletely  performed,  we  Qnd  various  tatermediate  con<litions  between  the  f<etal  and 
inflated  stales. 

If  any  doubt  exists  as  to  respiration  having  taken  pUce,  it  is  customary  to  employ 
the  hydrmtatie  UH.  This  is  done  by  placing  the  lungs,  Urst  together,  then  separately, 
and  afterward  cut  into  small  pieces,  in  water.  It  is  commonly  said  that  if  they  sink 
the  child  lias  not  breathed;  if  they  float  it  has.    This  lest  is  not,  however,  a  certain 

The  lesions  of  inflammation,  and  vesicular  and  subpleural  emphysema,  may  be 
found  in  the  lungs  of  new-born  children. 

The  pharynx  should  be  opened  and  e.iamined  for  foreign  bodies. 

The  laryim  and  traekea  should  be  examined  for  the  lesions  of  inflammation  and  for 
injuries  to  the  cartilages. 

The  thyroid  gland  weighs  about  12  grams.  It  may  he  so  enlarged  as  to  interfere 
with  respiration. 

The  Abdomen. — The  kidntytate  lobiilated  and  proportionately'largcr  than  in  the 
adult.  Thoma  estimates  the  average  weight  of  both  organs  together  as  28.6  grams. 
There  may  be  ecchymoscs  on  tbeir  surface;  inflammation;  deposits  of  uric  acid  and 
urates  in  the  tubules  of  the  pyramids;  cystic  dilation  of  the  tubules,  sometimes  reach- 
ing an  enormous  size.  There  may  be  absence  or  retarded  development  of  one  kidney. 
Malformations  and  malpositions  of  the  kidneys  are  of  frequent  occurrence. 

The  adrenal*  are  large.    They  may  be  dilated  into  large  cysts  filled  with  blood. 

The  spleen  is  large  and  firm.  Its  average  weight  is  about  11  grams.  It  may  be 
abnormally  enlarged,  and  its  surface  is  sometimes  covered  with  fresh  inflammatory 
exudations. 

The  Inltttinei. — In  the  small  intestines,  inflammation  and  swelling  and  pigmenta- 
tion of  the  solitary  and  agminatcd  follicles  (lympli  nodules)  are  sometimes  found.    The 


'  See  works  on  meilical  jurisprudence. 
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large  intestine  usually  contains  meconium,  but  tlila  may  Ini  evacuated  before  or  during 
birth.     The  sigmoid  Sexure  is  not  as  marked  as  ta  tlie  adult. 

The  formation  of  gas  in  tlie  stomach  and  intestines  does  not  usually  take  place  until 
respiration  is  cetabiisbcd.  If  decomposition  has  commenced,  however,  gas  may  be 
formed  as  a  part  of  llie  process. 

The  liver  is  of  a  dark-red  color,  is  Urge,  uiid  contains  much  blood.  Ita  size  dimin- 
ishes after  respiration  is  established.  Its  average  weight  is  118  grams.  The  size  is  so 
variable,  before  and  after  respiralion,  that  it  gives  little  information  as  to  the  age  of  the 
child.  Large  extravasations  of  blood  are  sometimes  found  beneath  the  capsule  of  the 
liver  without  known  cause.  A  variety  of  pathological  conditions,  fatty  and  waxy  de- 
generation, gummy  tumors,  etc.,  may  be  found. 

The  bladder  may  be  full  or  empty,  both  in  still-born  children  and  in  those  which 
have  breathed.     Dilalation  and  hypertropliy  may  exist  during  intra- uterine  life. 

Qeneratire  Orgnn«.—T\ie  external  generative  organs  in  botli  males  and  females  are 
more  prominent  tlian  in  adults.  The  ovaries  arc  high  up  in  the  pelvis  and  large :  the 
cervix  uteri  is  long:  the  body  small  and  lax.  resting  forward  against  the  bladder. 
Phimosis  in  the  males  is  the  normal  condition.  Malpositions  and  retarded  development 
of  the  testicles  should  be  noticed.     It  should  be  observed  whether  the  anus  is  perforate. 

The  Bone*,  in  suspected  cases,  should  be  examined  for  the  lesions  of  inflammation, 
rickets,  and  syphilis. 

Preservation. — The  various  fietal  tissues  may  be  preserved  by  the  same  methods 
as  are  employed  for  those  of  the  adult:  but  as  they  are  very  delicate  they  should  be 
bandied  with  great  care  and  the  preservative  fluids  changed  with  sutUcient  frequency. 
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CHAPTER  II. 

THE  LESIONS  IN  CEBTAIN  FOBUS  OF  DEATH  FEOH 

VIOLENCE:    SUDDEN  DEATH. 

The  Lesions  in  Certain  Forms  of  Death  from  Violence. 

SUFFOCATION— ASPHYXIA. 

Bt  suffocation  is  meant  that  condition  in  which,  without  direct  press- 
ure on  the  larynx  or  trachea,  air  is  prevented  from  penetrating  into  the 
lungs.  The  interruption  of  the  function  of  respiration  which  is  thus 
brought  about  induces  the  condition  known  as  asphi/ria.  In  this  way 
many  detttha  from  drowning  and  strangulation  take  place. 

The  ways  in  which  the  supply  of  air  may  be  cut  off  from  the  lungs 
are  various.  The  mouth  and  nose  may  be  closed  by  the  hand,  by  plas- 
ters and  cloths,  by  wrapping  up  the  head  in  cloths,  by  co\ering  the  face 
with  earth,  hay,  grain,  etc.  Foreign  bodies  may  be  introduced  into  the 
mouth,  pharynx,  and  larynx.  Blood  may  pass  into  the  trachea  from  au 
aneurism  or  from  a  wound.  The  glottis  may  be  closed  by  indammatory 
swelling.     Vomited  material  may  lodge  in  the  larynx. 

On  the  other  hand,  injury  or  disease  of  the  medulla  oblongata,  or 
paralysis  or  spasm  of  the  muscles  of  respiratiou  from  drugs,  tumors 
pressing  upon  the  air  passages,  or  diseases  of  the  lungs  themselves,  may 
induce  asphyxia. 

ExTEENAL,  Inspection. 

The  body  should  be  examined  for  marks  of  violence,  the  cavities  of 
the  mouth  and  nose  for  foreign  substances. 

The  face  may  be  livid  and  swollen  or  present  a  natural  appearance. 
The  conjunctiva  may  be  congested  and  ecchymotlc.  There  may  be  ainall 
ecchymoses  on  the  face,  neck,  and  cliest.  The  mouth  often  contains 
frothy  blood  and  mucus.    The  tongue  may  be  protruded. 

INTEENAL  Ex.tMINATIOX. 

The  Brain  and  ita  membranes  may  be  congested,  or  antemic  and  oede- 
matous,  or  unchanged.  The  Blood  throughout  the  body  is  usually  dark- 
colored  and  fluid. 

The  Laripix  may  contain  foreign  bodies  which  have  induced  the  suffo- 
cation. The  mucous  membrane  of  the  larynx,  trachea,  and  bronchi  may 
be  congested  and  sometimes  ecehymotic:  these  passages  contain  frothy 
blood  and  mucus.  The  Langs  are  usually  congested  and  cedematous,  but 
sometimes  do  not  differ  from  their  ordinarj'  api>earance.     There  may  be 


vCcjot^Ic 


44      THE  LESIOSS   IN   CEETAIN   FORMS  OF   DEATH   FROM   VIOLENCE. 

email  patches  of  emphysema  uear  the  siitface  of  the  lungs.  Sometimes, 
especially  in  infants,  small  ecchymoses  are  found  in  the  costal  and  pul- 
monary pleura. 

The  Heart  nsually  presents  its  right  ca\ities  full  of  blood,  its  left 
cavities  empty ;  but  to  this  there  are  frequent  exceptions. 

The  Abdominal  Vuicera  are  usually  congested. 

DEATH  FROM  8TBAH0in.ATI0N— HANaiNO. 

Strangulation  is  effected  by  the  weight  of  the  body  in  hanging,  by 
pressure  on  the  neck  with  the  bauds  or  by  some  other  object,  or  by  con- 
striction of  the  neck  with  a  cord  or  ligature  of  some  kind.  Death  usually 
occurs  by  asphyxia,  or  by  asphyxia  combined  with  the  effect  of  the  cut- 
ting-off  of  the  blood  supply  to  the  brain  by  pressure  on  the  large  \essels 
of  the  neck.  In  some  cases  of  hanging,  death  ensues  as  a  result  of  frac- 
ture or  dislocation  of  the  cervical  vertebrffi. 

External  Inspection. 

The  face  may  be  livid  and  swollen,  the  eyes  prominent,  the  lips 
swollen,  and  the  tongue  protruded.  These  appearances  are,  however, 
often  absent.  Erection  of  the  penis,  ejaculation  of  semen,  and  evacu- 
ation of  fieces  and  uriue  are  frequently  observed.   ■ 

In  many  cases  marks  are  left  upon  the  neck  by  the  objects  which  have 
directly  produced  the  strangulation.  In  cases  of  banging,  the  mark 
about  the  neck  varies  considerably  in  position,  direction,  and  general 
characters,  depending  upon  the  kind  of  ligature  employed,  the  time  of 
suspension,  period  after  death  at  which  the  obsert^ation  is  made,  etc. 
The  most  common  mark  left  by  a  cord  about  the  neck  is  a  dry,  dense, 
brownish  furrow,  whose  breadth  corresponds  but  in  a  very  general  way 
with  the  diameter  of  the  cord.  In  some  cases,  according  fo  Tidy  and 
others,  there  may  be  no  mark  at  all  if  the  hanging  be  quickly  accom- 
plished with  a  soft  ligature  and  the  body  cut  down  immediately  after 
death.  There  may  be  abrasions  and  ecchymoses  of  the  skin  at  the  seat 
of  ligature. 

In  cases  of  strangulation  by  the  fingers  the  mark  on  the  neck  may 
correspond  in  a  general  way  to  the  shape  of  the  fingers. 

The  application  of  the  same  forces  immediately  after  death  may  pro- 
duce the  same  marks  iis  when  death  is  induced  by  them. 

Internal  Examination. 

Tiie  Brain  and  its  membranes  may  be  congested,  or  there  may  be  ex- 
travasation of  blood,  or  there  may  be  no  abnormal  appearances. 

The  yeck. — In  some  cases  there  is  effusion  of  blood  beneath  the  liga- 
ture, rupture  of  the  cervical  muscles,  fracture  of  the  os  hyoides  and  car- 
tilages of  the  larynx,  fracture  and  dislocation  of  the  cervical  vertebne. 
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rupture  of  the  internal  vertebral  ligaments  and  of  the  inner  and  middle 
coats  of  the  carotid  arteries.  Similar  changes  may  be  produced  in  the 
dead  body  by  the  use  of  great  violence. 

If  death  occur  from  asphyxia,  the  internal  lesious  are  similar  to  those 
described  above.  In  some  cases — for  example,  where  death  has  occurred 
from  fright  or  shock — the  results  of  post-mortem  examinatiou  are  en- 
tirely negative, 

DEATH  FBOK  DROWKINO. 

In  examining  the  bodies  of  persons  who  have  been  drowned,  it  is 
necessary  to  bear  in  mind  a  number  of  questions  which  may  arise: 
WTiether  the  person  came  into  the  water  alive  or  deadt  How  long  a 
time  has  elapsed  since  deatht  Wliether  the  persou  committed  suicide, 
or  was  drowned  by  accident,  or  was  murdered!  These  questlous  are  to 
be  solved  sometimes  certainly,  sometimes  with  probability,  sometimes 
not  at  all,  by  the  post-mortem  examination.  Pei-sous  dying  in  the  water, 
to  which  condition  the  term  drowniug  is  commonly  applied,  may  die 
from  asphyxia,  from  exhaustion,  from  fright  or  syncope,  from  disease  of 
the  heart,  apoplexy,  injuries,  etc,  WTiile  in  the  majority  of  cases  as- 
phyxia is  a  predominant  or  important  factor  in  death  by  drowning,  the 
conditious  under  which  death  occurs  are  so  apt  to  be  complex  that  in  the 
minority  of  cases  only  are  the  lesious  of  pure  asphyxia  found  after 
death,  while  in  most  cases  the  bodies  present  the  more  or  less  well-marked 
lesions  of  asphyxia  together  with  thase  indicative  of  complicating  con- 
ditions. There  are  no  post-mortem  conditions  which  alone  are  abso- 
lutely characteristic  of  drowning,  and  it  is  only  by  considering  all  the  facts 
elicited  by  the  autopsy  together  that  any  just  conclusion  cau  be  arrived 
at.  It  should  always  be  borne  in  mind,  moreover,  that  even  the  most 
characteristic  of  the  evidences  of  drowniug  are  apt  to  t>e  modified  or  to 
disappear  as  decomposition  goes  on. 

ExTEKNAL  Inspection. 

Post-mortem  rigidity  usually  sets  in  early,  sometimes  immediately 
after  death.  Decomposition  progresses,  especially  in  summer,  with  un- 
usual rapidity  in  bodies  which  have  been  removed  from  the  water.  Fre- 
quently, but  by  no  means  constantly,  the  peculiar  roughening  of  the 
skin,  known  as  gocse  skin  (cutis  anserina),  is  found,  but  this  may  occur 
after  death  from  other  cause-s.  A  light,  lathery  froth,  either  white  or 
blood-stained,  is  frequently  seen  about  the  mouth  and  nostrils  within 
twelve  to  twenty-four  houi-s  after  removal  of  the  body  from  the  water, 
but  it  may  be  absent,  and  may  be  seen  after  death  from  other  causes. 
After  the  body  has  lain  for  several  hours  in  the  water  (twelve  to  twenty- 
four)  the  thick  skin  of  the  palms  of  the  hands  and  soles  of  the  feet  may 
become  macerated  and  thrown  into  coarse  .wrinkles,  just  as  it  may  after 
prolonged  soaking  during  life,  or  in  a  dead  body  thrown  into  the  water. 
The  7>enis  and  nipples  may  be  retracted,  and  the  scrotum  shrunken,  but 
this  is  not  constant  nor  characteristic. 
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If  the  person  has  6trugg)ed  iu  the  water  and  clutched  at  objects 
withiu  his  reach,  there  may  be  evidences  of  this  in  excoriation  of  tlie 
fingers  or  in  the  presence  of  saud,  weeds,  etc.,  under  the  uaila  or  grasped 
in  the  hands. 

Externa)  marks  of  injurj',  bruises,  etc.,  should  be  sought  for,  since 
persons  in  dying,  or  oh  being  throwii  into  the  water  with  homicidal 
intent,  may  liave  died  from  the  violence,  and  not,  strictly  speaking,  from 
drowning.  It  should  also  be  borne  in  mind  in  such  complex  cases  that 
injuries,  not  in  themselves  fatal,  may,  when  the  body  is  in  the  water, 
prove  so  on  account  of  the  inability  of  the  person  to  rescue  himself  or 
gain  time  for  recovery  from  the  injurj-,  and  that  then  the  struggle  for 
breath  may  be  but  slight,  and  the  more  prominent  signs  of  drowning  but 
little  marked. 

Internal  Examination. 

The  Brain. — Congestion  of  the  brain  and  its  membranes  is  found  only 
in  a  small  proportion  of  cases. 

The  Blood,  when  death  octeurs  from  asphyxia,  is  usually  fluid  through- 
out the  body  and  of  a  dark  color,  as  iu  asphyxia  from  other  causes. 

The  Air  Pasnages. — In  persons  who  die  from  asphyxia  the  mucous  mem- 
brane of  the  laruyx,  trachea,  and  bronchi  is  usually  congeste<],  and  the 
air  passages  contain  a  variable  quantity  of  bloody  or  niucona  froth.  In 
persona  dying  in  the  water  from  other  causes  than  asphyxia,  these  ap- 
pearances are  absent.  Foixngn  substance's  from  the  water,  such  as  sand, 
weeds,  etc.,  oi'  materials  regurgitated  from  the  stonmch,  may  find  their 
way  into  the  air  passages  during  the  act  of  drowning  or  as  a  post-mortem 
occurrence.  Thus,  iu  bodies  washed  abont  the  bottom,  sand  or  mud  may 
get  into  the  air  passages  for  a  ccitain  distance,  from  the  mechanical  ac- 
tion of  the  watei'. 

The  Liaiffs  in  typical  cases  are  distended  so  that  they  fill  the  thorax 
and  cover  the  heart.  The  increased  size  is  due  i>artly  to  congestion, 
partly  to  the  presence  of  the  fiuid  in  which  the  i>erson  was  drowned, 
which  is  often  inspired  during  the  act  of  drowuing,  a"d  partly  to  the 
distention  of  the  air  vesicles  with  air.  In  cases  of  drowuing  in  which 
there  is  a  struggle  and  water  is  breathnl  in,  the  lungs  may  contain  con- 
siderable fiuid;  but.  as  a  result  of  decomposition,  this  may  find  its  way 
in  grciiter  or  less  quantity  into  the  pleural  cavities  by  transudation, 
leaving  the  lungs  comparatively  empty.  It  should  be  remembered,  how- 
ever, that  a  considerable  quantity  of  reddisli  fluid  may  collect  iu  the 
pleural  cavities  under  other  conditions  than  drowning,  through  a  post- 
mortem change,  by  transudation  from  the  blood-vessels  and  other  ad- 
jacent tissue. 

The  Heart. — In  those  who  die  from  asphyxia  the  right  ea\'ities  are 
usually  filled  with  fluid  blotxl,  while  the  left  cavities  are  empty.  But 
when  death  is  due  to  complex  causes  this  may  not  be  the  ciise. 

The  Abdmmnal  Viiteera  may  be  congested  iu  persons  who  die  from 
asphyxia. 
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The  Stotnack. — The  fluid  in  which  the  person  was  drowned,  sometimes 
mixed  with  sand,  weeds,  eto.,  maybe  swallowed  dn  ring  the  act  of  drown- 
ing. Sand  may  wash  for  a  short  distance  into  the  (esophagus  after 
death,  in  bodies  washing  about  the  bottom. 

In  persons  dying  in  the  water  from  syncope,  shock,  etc.,  we  may  find 
no  lesions.  \Vhen  the  death  is  partly  due  to  asphyxia  and  partly  to  other 
causes,  the  lesions  may  vary  in  numerous  ways,  which  need  not  be  de- 
scrilted  here. 

In  important  cases  of  doubtful  drowning  it  is  desirable  carefully  to 
collei't  and  save  some  of  the  fluid  from  the  lungH  and  stomach  for  micro- 
chemical  examinatiou,  since  the  identification  of  these  fluids  with  those 
in  which  the  person  was  presumably  drowned  will  often  give  certainty 
to  an  otherwise  doubtful  case. 

For  the  detailed  consideration  of  the  auatomical  diagnosis  of  drown- 
ing, the  changes  which  bodies  deail  from  drowning  undergo  from  decom- 
position, and  the  factors  bearing  on  the  question  of  suicide,  homicide, 
etc.,  we  refer  to  works  on  medical  jurisprudence. 

DBATH  FBOH  EI.BOT&ICITT. 

Lightning. — Persons  who  are  struck  by  lightning  may  die  instantly; 
or  may  continue  for  several  hours  comatose  nr  delirious,  and  then  either 
die  or  recover;  or  they  may  die  after  some  time  from  the  effects  of  the 
bums  and  injuries  receivetl. 

The  post-mortem  appearances  are  ver>-  variable.  Sometimes  there 
are  no  marks  of  external  violence  or  internal  lesions.  Sometimes  the 
clothes  are  burnt  and  torn,  while  the  skin  beneath  them  is  unchanged. 
XTsually  there  are  marks  of  coutusion  and  lacenttioii,  or  ccchymoses,  or 
lacerated,  punctured  wounds,  or  fractures  of  the  bones,  or  superficial  or 
deep  burns.  The  track  of  the  electric  current  may  sometimes  be  marked 
by  dark-reil  arborescent  streaks  on  the  skin.     Fractures  are  rare. 

The  internal  viscera  may  be  lacerated  and  disorganized  from  lightning. 

Artificial  Electrical  Currents. — In  death  from  powerful  artificial  elec- 
trical currents,  either  by  accident,  as  in  linemen  and  others,  or  in  elec- 
trical executions,  there  may  be  local  burnings  of  varjing  degree  where 
the  wires  or  electrodes  come  in  contact  with  the  skin.  The  clothes  may 
be  pierced  with  holes  at  the  point  of  exit  of  the  current.  Internally 
there  appear  to  be  no  marked  or  characteristic  lesions,  either  gross  or 
microscopical,  in  this  form  of  death.  Van  (licst^ii  and  others  have  ob- 
served the  occasional,  but  not  constant,  occurrence  of  small  lijeniorrhages 
in  the  floor  of  the  fourth  \entriele,  the  significance  of  which  is  doubtful. 
Other  petechial  spots  have  been  oltserved  beneath  the  serous  surfaces  of 
the  endocardium,  pericardium,  and  pleura,  and  on  the  spleen.' 

'  Von  Giaon,  "A  Report  of  the  Gross  and  Microscopical  Examinntioii  of  Six  Cases 
of  Death  by  Strong  Electrical  Ciirrenls."  New  Vork  Mediciil  .foiiriial,  Jlav  7tb  aud 
14th,  1862.  Canntnghim,  "The  CaiiW!  of  Dealli  from  Indiistrial  Electric  Currents." 
New  York  Medical  Journal,  vol.  Ixx.,  pp.  SSI  and  61.i,  lWi9.  .Jeltiffe,  Peterson  and 
Haines'  "Text-book  of  Legal  Medicine."  p.  24i(, 
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Death  may  be  caused  Ijy  the  iuspiration  of  enioke  aad  flame ;  by  the 
drinkiDg  of  hot  fluids;  by  the  direct  coutact  of  flame  or  hot  substauces 
with  the  exterual  surface  of  body.  It  may  be  due  to  the  direct  efiiect  of 
the  ageuts,  to  secoudary  affections  of  the  viscera,  or  to  tbe  exhaustion 
produced  by  loug-coutiuued  iuflammatiou  aud  suppuration.  Sudden 
death  may  occur  after  extensive  burniugs  of  the  skiu.' 

The  burned  skin  divested  of  epidermis  may  pi'eseut  a  peculiar  red, 
hard,  parchmeut-like  appearance.  If  the  patient  ha^e  lived  for  some 
time,  suppuration  of  the  injured  surface  may  ensue.  Or  there  are  small, 
bladder-like  elevations  of  the  epidermis.  The  base  of  these  blisters  is 
red,  aud  they  are  surrounded  by  a  red  zone,  or  sujipuratiou  may  have 
commenced.  These  appearances  cauuot  be  produced  bj'  heat  applied  to 
the  skin  after  death. 

After  death  from  severe  burns  there  is  apt  to  be  eougeatioa  of  the 
brain,  and  tbe  thoracic  and  abdominal  viscera.  The  lymph  nodes  aud 
the  lymphatic  tissues  throughout  the  tM>dy  may  be  swollen  aud  the  seat 
of  endothelial  cell  proliferation  and  necrosis.  There  is  usually  albumi- 
nous degeneration  of  the  lixer  aud  kidneys;  the  spleen  is  swollen  and 
the  seat  of  focal  necrosis.  Focal  necrosis  in  the  bone  marrow  has  been 
noted.  There  may  be  o^pillary  thromboses,  interstitial  htcmorrhagcs  in 
the  kidney,  and  leueoeytosis.  These  lesions  indicate  the  pi-esence  of 
toxic  substances  in  the  body  flnids,  and  thus  the  general  condition  may 
be  regarded  as  an  instance  of  auto -intoxication.' 

Secondary  lesion  are  not  infrequent  after  severe  burns.  There  may 
be  <£dema  of  the  glottis,  pseudo-membranous  iuflammatiou  of  the  larynx 
and  trachea,  pneumonia,  ulceration  of  the  duodenum,  and  pyeemia  with 
infarctions  in  the  lungs,  liver,  spleen,  and  kidnejs. 

Sudden  Death. 

Some  forms  of  sudden  death  from  violence  have  been  already  eonsid- 
ei-ed.  Aside  f  mm  these,  by  sudden  death,  in  the  ordinary  sense,  is  usually 
meant  "the  rapid  and  unforeseen  termination  of  a  latent  acute  or  chronic 
disease."  We  shall  not  consider  here  sudden  death  either  from  violence 
or  poisoning  or  in  well-defined  and  evident  acute  or  chronic  diseases:  it 
will  be  practicable  only  to  enumerate  some  of  the  more  commou  condi- 
tions under  which  sudden  death  may  occur — and  first  in  the  aduJt. 

Circulatory  System. — Heart — fatty  degeneration,  chronic  myocardtiis, 
abscess  of  the  myocardium,  rupture,  lesions  of  the  coronary  arteries, 
endocarditis,  and  pericarditis.  Blood-vessels — arterio- sclerosis,  aneu- 
rysms— especially  intracranial,  intrapericardial,  abdominal,  and  pulmo- 

I  For  a  study  of  sudden  death  following  severe  bums,  consult  SiOrrmann.  Vircli. 
Arch..  Bd.  cxix.,  p.  4«8,  ia»0.     RiWioir. 

'  For  a  study  of  tlie  viacertil  clinnjics  following  pxtensive  bums,  consult  Banleeii. 
Jour.  T.xn.  Med.,  vol,  li..  p.  501, 1897,  Bibliog.  McCrae.  Trans.  Ass.  Am.  Pbys..  vol 
xvi.,  p.  168:  also,  I/xh-,  Boston  Mwl.  and  Surg.  Jour.,  October  80,  1908,  Bibliog 
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nary ;  rupture  of  Uie  aorta,  cougeuital  narrowuesB  of  tbe  aorta,  tbrom- 
boBiH  aud  embolism  of  the  pulmouaiy  or  cerebral  arteries. 

Brain — hseniorrhage,  ineuiugiti»,  abeceases,  and  tumors.  Very  sligbt 
injuries  of  various  parts  of  tbe  body  have  been  followed  by  sudden 
death,  probably  through  inhibition.  Syneope  or  shock  may  terminate 
in  death. 

RespiitUorg  Nffntem. — Foreign  bodies  lodging  at  the  entrance  to  the 
larynx  are  not  infi-equenlly  followed  by  immediate  death  vithout  evi- 
dence of  asphyxia.  (Edema  of  the  glottis,  ce^lema  of  the  lungs,  hyper- 
trophy of  tbe  thyroid,  mediastinal  tumors,  pleurisy,  and  pneumothorax 
may  lead  to  sudden  death. 

AbdomituU  Vigcera. — Rupture  of  visceral  abscesses;  perforation  of 
ulcers  of  the  gastrointestinal  canal;  rupture  of  the  spleen,  especially 
if  the  latter  be  enlarged  as  in  malaria;  extra-uterine  gestation,  retro- 
uterine hgematocele,  and  ruptui'e  of  the  uterus,  are  among  the  lesions  not 
infrequently  leading  to  sudden  death. 

Sudden  death  is  frequent  in  diat>etes,  in  tarions  forms  of  kidney 
lesion  and  in  alcoholism,  and  in  a.s80ciation  with  the  so-called  lymphatic 
constitution. ' 

Sudden  death  in  young  chUdreti  is  most  often  associated  with  disoiiJers 
of  the  respiratory  system,  thus  differing  from  adults,  in  whom  lesions  of 
the  cir'culatory  system  are  of  the  greatest  significance.  Srouardel  attrib- 
utes sudden  death  in  children  usually  to  one  of  five  principal  causes — 
syneojie,  convulsions,  asphyxia,  pulmonary  congestion,  and  intestinal 
disorders.  A  large  thymus  with  the  lymphatic  constitntion  is  frequent 
in  cases  of  sudden  death  in  young  children.' 
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CHAPTER  III. 

GENERAL  METHODS  OF  PRESEEVINa  PATHOLOOI- 
CAL  SPECIMENS  AND  PBEFABINa  THEM  FOR 
STUDY. 

It  is  not  our  purpose  in  this  section  to  give  a  complete  accouut  of 
tlie  technical  procedures  required  in  the  study  of  pathological  specimens, 
since  the  methods  are  for  the  most  part  identical  with  those  employed  in 
the  study  of  normal  tissues,  with  which  the  student  or  practitioner  is  pre- 
sumably already  familiar.  We  wish  simply  to  give  a  few  brief  hints  as 
to  the  most  useful  methods  for  the  ordinary  purposes.  Additional  sug- 
gestions will  be  found  in  parts  of  the  tmok  dealing  with  special  tissues 
and  organs;  but  for  the  technical  details  of  many  methods  which  are  in- 
valuable for  special  purposes,  one  may  consult  the  "  Pathol(^ical  Tech- 
nique "  of  M(^ry  and  Wright. 

The  Study  of  Fresh  TisBues. 

Although  for  the  most  part  the  conditions  for  the  minute  study  of 
tissues  are  more  favorable  after  these  have  been  fixe<l  and  hardened  by 
a  suitable  chemical  agent,  it  is  yet  in  many  eases  very  important  to  ex- 
amine them  in  the  fresh  state.  For  this  purpose  they  may  be  teased 
apart  in  a  cue -half- per -cent  solution  of  sodium  chloride  and  mounted 
and  studied  in  the  same.  Sodium  chloride  is  also  useful  for  the  separa- 
tion by  dilution  of  the  structural  elements  of  fluids  such  as  exudates,  pus, 
etc. 

Rapid  Fixation  and  Frozen  Sections. 

A  rapid  fixation  and  development  of  detail  in  structural  elements  in 
fluids  may  be  secured  by  allowiu*;  a  drop  of  formalin  to  run  under  tlie 
cover  glass  and  mingle  with  the  salt  solution,  the  flow  being  directed  by 
a  bit  of  filter  paper  put  close  to  the  edge  of  the  cover  glass  on  the  side 
opposite  to  that  on  which  the  fixative  is  added.  The  formalin  may  be 
washed  out  by  water  and  the  latter  replaced  by  dilnte  methylene  blue 
for  staining. 

When  an  immediate  diagnosis  of  a  solid  tissue  is  required,  useful 
result's  may  sometimes  be  obtained  by  a  combination  of  the  freezing 
method  with  the  use  of  formalin  as  a  fixative  as  su^ested  by  CuUen.' 
'  Ciillea,  Johns  Hopkina  Hospital  Bulletin.  April,  1895. 
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Any  form  of  freezing  microtome  and  either  ether  or  liqnid  carbonic  acid 
may  be  osed. 

Cullen's  procedure  is  as  follows:  The  frozen  sections  arepnt  in  afive- 
per-cent  watery  solution  of  formalin  for  from  three  to  five  minutes; 
in  fifty-per-ceut  alcohol  for  three  minutes;  in  absolute  alcohol  for 
one  minute.  They  are  now  washed  in  water,  stained  with  hsematoxylin, 
decolorized  in  acid  alcohol  (one-percent  hydrochloric  acid),  rinsed  in 
water,  contrast  stained  and  dehydrated  with  eosin  alcohol,  cleared  with 
creosote  or  oil  of  cloves,  aud  mounted  in  balsam.  The  tissues  shrivel 
considerably  by  this  method.  The  disintegration  of  the  sections  and 
especially  the  considerable  shriukage  which  they  undergo  oil  treatment 
with  alcohol,  may  be  largely  obviated  by  spreading  the  sections,  as  they 
thaw,  on  an  albumiu  fixative  film  upon  a  cover  glass  or  slide — Bee  below 
— and  conducting  the  hardening  aud  staining  manipulations  with  the 
specimen  in  petition  upon  the  glass. 

Hodenpyl '  has  found  that,  when  time  permits,  satisfactory  results 
are  secured  by  placing  very  small  pieces  of  the  fresh  tissue  for  an  hour 
in  five-per-cent  solution  of  formalin ;  then,  after  washing  out  the  forma- 
lin, making  frozen  sections  in  the  usual  way.  The  sections  are  now 
dropped  for  a  moment  into  a  solutiou  of  egg  albumen  of  the  following 
composition : 

Egg  AJbiimeii 10 

Sodium  Carbonate       ....  ...     1 

Water 80 

.\dd  a  lump  of  caniplior  to  prevent  decompoaitloD, 

The  sections  are  now  spread  on  the  slide,  the  excess  of  fluid  being 
drained  off,  and  are  pressed  against  the  glass  with  a  bit  of  fine  cheese 
cloth.  They  are  finally  fixed  in  place  by  a  short  immersion  in  strong 
alcohol.  The  section,  now  fast  on  the  glass,  is  stained  and  mounted,  in 
situ.  This  procedure,  which  can  be  carried  ont  in  a  little  more  than  an 
hour,  gives  a  fair  chance  for  an  early  morphological  diagnosis  in  solid 
tissues,  though  the  minute  structural  details  are  often  much  altered. 

Fixation :  Hardening  and  Preservation. 

Alcohol  is  the  most  commonly  employed  fixative  and  hardening 
agent  for  routine  purposes.  It  is  used  in  the  strength  of  from  eighty  to 
ninety-five  per  cent  at  first,  the  pieces  of  tissue  to  be  hardened  not  being 
larger  than  1  or  2  ce.  There  should  be  in  bulk  many  times  aa  much 
alcokol  as  of  tissue  to  be  hardened.  A  little  absorbent  cotton  may  be 
placed  in  the  bottle  to  keep  the  blocks  of  tissue  from  sticking  to  the 
bottom.  After  twenty-four  hours  the  alcohol  should  be  renewed.  On 
the  third  day  the  tissue  is  transferred  to  ninety-seveii-per-cent  or  to 
absolute  alcohol  for  completion  of  the  hai-dening,  which  will  usually  be 
within  five  or  six  days. 

'Badenml,  "A  HodiBcatioa  of  Cullen's  Method  of  Preparing  Fresh  Sections  fot 
Microscopic  Work,"  Medical  Hecord,  March  S,  1898. 
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While  for  many  puipoees  other  and  more  delicate  methods  of  harden- 
ing tis8iieH  are  to  be  recommended,  alcohol  is  most  useful  for  most  solid 
tiaeue»  iu  which  bacteria  are  to  be  sought:  for  such  specimens  as  are  not 
quite  fi-esb  and  in  which  the  process  of  decay  is  to  be  immediately 
checked,  and  in  general  for  tissues  in  which  the  determination  of  topo- 
graphical features  for  diagnostic  or  other  purposes  is  the  chief  end  in 
\iew. 

FuRMALiN,  or  formol,  is  the  trade  name  for  a  forty -per -cent  aqueous 
solution  of  formaldehyde.  In  diluted  solutions  it  is  a  ^'aluable  fixative 
for  delicate  tissues.  It  is  most  commonly  used  in  a  solution  of  5  parts 
(of  the  commercial  formalin)  to  100  of  water.  The  fresh  tissues,  in 
small  pieces,  are  put  iu  this  solution  for  forty-eight  hoars,  the  fluid 
tteing  iisnewed  at  the  end  of  twenty-four  hours.  They  are  then  trans- 
ferred to  sixty -per-cent  alcohol  for  twenty-four  hours,  and  the  harden- 
ing is  completed  with  strong  alcohol. 

Mi'ller'h  Fluid  which  has  been  much  used  as  a  hardening  agent 
has  the  following  composition: 

Potassium  Bichromate 2  porta 

"  Sulplute 1  part 

Water 100  parts 

Miiller's  fluid  is  now  most  often  used  in  combination  with  other 
fixatives. 

Thus  Orth's  Fluid,  which  is  Miiller's  fluid  to  100  parts  of  which  10 
parts  of  commerical  formalin  are  added,  is  a  most  valuable  agent  for 
fixing  and  hardening  delicate  cells.  The  mixture  should  be  made  at  the 
time  of  using  t)ecaHse  it  soon  changes.  The  pieces  of  tissue  should  be 
small,  the  fluid  lai^ly  exceeding  the  tissue  iu  bulk.  The  hardeuiog  is 
completed  in  three  or  four  days,  when  the  specimens  should  be  thor- 
oughly washed  and  preserved  in  eighfy-per-eent  alcohol. 

OsMic  Acid  is  of  great  value,  especially  iu  combination,  for  the 
hardening  of  small  portions  of  delicate  tissues,  since  it  serves  to  fix  the 
elements  in  a  nearly  normal  condition  and  stains  them  brown  or  black. 
Osniic  acid  stains  fat  black  and  on  this  account  is  a  valuable  agent  for 
the  detection  of  this  substance  in  the  tissues.  It  is  generally  used  in 
one-percent  aqueous  solution,  the  ti.'Kues,  in  verj-  small  pieces  and  when 
quite  fresh,  being  placed  in  it  and  allowed  to  remain  for  twenty-four 
hours.  They  are  now  waslied  thoroughly  iu  water  and  may  be  preserved 
ill  eighty- per-cent  alcohol. 

Fieiaming'g  Omnic  Acid  Mirtiire. — For  the  purpose  of  fixing  delicate 
tissue  elements  to  show  minute  structural  detail,  such  as  mitotic  figures, 
this  mixture  is  of  great  value.     It  is  made  of 

One-per-cent  soliiiion  of  Chromic  Acid 15  parts 

Two-per-ccDt  solution  i)f  Oamio  Acid 4     " 

Glacial  Acetic  Acid. 1  part 

This  mixture  does  not  keep  well,  and  hence  should  be  made  up  in  small 
tiuautities.     Small  poi-tions  of  tissue  should   so-ak  in  the   mixture  for 
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tweiity-four  hours,  then,  after  Ihorougb  washing  in  water,  (bey  ai"e  put 
for  tweuty-four  hours  iu  seveuty-per-ceut  alcohol,  aud  then  in  strong 
alcohol,  iu  which  they  are  kept. 

CoRROSiTE  Sublimate. — This  is  a  most  excellent  fixative  for  deli- 
cate structures.     A  couveuient  form  im  Lang' a  xSolution.     Its  formula  is: 

Mercuric  Cliloride 5  gmg. 

Sodium         " 8" 

Hydric  Acetate,  Glacial, B  c.c. 

Water 100  c.c. 

The  tissues  should  remain  iu  sublimate  solution,  as  a  nile,  not  longer 
thau  from  one  to  three  hours. 

Specimens  fixed  iu  suhliuiate  develop  a  mercurial  precipitiite,  do  not 
stiUD  well,  and  become  brittle  unless  the  excess  of  sublimate  is  I'emoved. 
This  can  be  largely  done  by  prolonged  washing  iu  runoing  water.  But 
it  is  much  more  easily  and  certainly  aecomplisbed  by  the  chemical  action 
of  dilute  iodiue  solution.  Tbe  specimen  is  removed  from  the  sublimate 
mixture  and  put  at  once  into  seventy-percent  alcohol.  To  this  is  added 
from  time  to  time  a  sufficient  quantity  of  saturated  alcoholic  solutiou  of 
iodiue  (or  tincture  of  iodine)  to  gi^e  the  alcohol  a  modersitely  deep 
iodine  color.  At  first  this  color  gradually  disappears,  and  the  iodine 
solution  should  be  repeatedly  added  until  the  color  persists.  The  speci- 
mens are  now  transferred  to  seventy- per-eeiit  alcohol,  aud  after  twenty- 
four  hours,  to  strong  alcohol. 

Zenker's  Fluid  is  a  good  fixative  and  acts  rapidly.  It  is  a  combina- 
tion of  Muller's  fluid  and  corrosive  sublimate  with  acetic  acid.  Its 
formula  is: 

Potassium  Bicliromate, 3  parts 

Sodium  Sulptiate 1    " 

Mercuric  Cbloridt- 5    " 

Hydric  Acetalc.  Glacial 5    " 

Water, 90    " 

The  acetic  acid  should  he  abided  at  the  time  of  using,  since  the  com- 
plete mixture  readily  decomjKiseR.  Small  pieces  of  tissue  may  he  har- 
dened in  this  solution  in  from  twenty-four  to  forty-eight  hours.  They 
should  then  be  carefully  washed  and  preserved  iu  eighly-per-cent  alcohol. 
The  use  of  iodine  to  remove  the  exc«8S  of  sublimate,  as  descrilxHl  under 
Lang's  solution  above,  is  desirable  here  also. 

Rithol(^ical  specimens  which  occur,  or  are  isolated  in  the  ft)rni  of 
membranes,  should  be  stretched  with  pins  on  a  ]iiece  of  wood  or  flat 
cork  before  t>eing  immersed  in  the  preservative  fluids.  Minute  struc- 
tures, such  as  occur  iu  exudates  fi-oni  the  mucous  memhr.iii(*s  and  in 
cyst  fluids,  rena!  casts,  etc.,  may  be  hardened  in  Flemmiug's  osmic  acid 
mixture  or  in  formalin  foUoweil  by  alcohol.  Under  these  conditions  re- 
newals or  changes  of  the  fluid,s  may  be  effected  in  tuties  by  the  use  of  the 
centrifugal  machine.  The  s)>ecimens  may  finally  he  preserved  in  eighty- 
percent  alcohol. 
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DeoBloitying. 

Bonea  which  are  ttie  seat  of  lesions,  and  calcified  tissnes,  most  be 
freed  from  lime  salts  before  thin  sections  can  be  made. 

Tissnes  which  are  to  be  decalcified  should  be  in  small  pieces  and  first 
well  hardened  in  tdcobol  or  in  Orth's  fluid. 

Rapid  decalcification  may  be  secured  by  the  combination  with  nitric 
acid  of  phloroglucin,  the  latter  agent  preventing  the  swelling  of  the  tissue 
elements.  One  gram  of  phlort^lucin  is  dissolved  with  gentle  heat  in  5 
c.c.  of  nitric  acid.  This  solntion,  when  effervescence  has  ceased,  is  of  a 
mby-red  color.  To  this  are  added  70  c.c.  of  strong  alcohol  and  30  c.c. 
of  water.  This  solution  deteriorates  with  age.  Small  pieces  of  bone  or 
other  tissue  are  suspended  by  thread  in  relatively  large  quantities — at 
least  twenty  times  Hie  bulk  of  the  specimens — of  this  fluid.  In  from  one 
to  twenty-four  hoars',  depending  upon  the  size  of  the  piece  of  bone, 
the  decalcification  is  usually  complete.  The  specimen  is  now  washed 
thoroughly  in  muning  water ;  put  for  twentyfoOr  hours  in  eighty-per- 
cent alcohol  and  then  in  strong  alcohol.  Bone  decalcified  in  this  way 
may  be  stained  with  hfematoxylin  and  eosin. 

Embedding:  and  Section  Gutting. 
BHBEDDIHa. 

Some  dense  tissues,  after  being  well  hardened,  are  suiBciently  solid  to 
permit  of  thin  sections  being  made  from  them  without  further  prepara- 
tion, but  in  most  cases  very  thin  sections  cannot  be  prepared  without  fill- 
ing the  interstices  of  the  tissue  with  some  embedding  material,  which 
gives  it  greater  consistence  and  holds  the  tissue  elements  firmly  in  their 
natural  relations  to  one  another,  while  the  section  is  being  made.  Cel- 
loidin  and  paraffin  are  the  most  generally  useful  materials  for  this 
puipose, 

Celloidin,  a  non -explosive,  purified  form  of  gun-cotton,  is  best  ob- 
tained in  the  form  of  thin  shavings,  sinc«  in  this  form  it  is  most  easily 
dissolved.  A  six-percent  solution  is  made  in  equal  part  of  sulphuric 
ether  and  strong  alcohol.  The  specimen  in  small  pieces  is  soaked  for 
twelve  hours  in  this  celloJdin  solution,  diluted  with  an  equal  amount  of 
the  mixture  of  alcohol  and  ether,  then  for  twelve  hours  in  the  six-per- 
cent celloidin  solution.  If  the  specimen  be  small  and  require  but  little 
support,  it  may  now  be  laid  directly  on  the  end  of  a  small  block  of  wood 
or  cube  of  glass  or  vulcanite,  and  a  few  drops  of  celloidin  poure<l  around 
it.  In  most  cases,  however,  it  is  better  to  make  a  small  paper  box,  iu 
which  the  specimen  is  placed  in  a  proper  jjosition,  and  the  celloidin 
poured  in  around  it  so  as  completely  to  enclose  it.  In  cither  case  a  con- 
siderable quantity  of  celloidin  should  be  poured  around  the  specimen, 
since  the  celloidin  shrinks  considerably  in  hardening.  The  paper  box 
may  be  made  by  winding  a  strip  of  thin  paper  around  the  end  of  the 
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supporting  block,  allowing  it  to  project  for  a  sufBoient  distance  beyond 
the  end.  Tlie  paper  is  held  in  place  by  a  rnbber  band.  We  liave  thus 
a  cylindrical  box  with  a  solid  bottom  projecting  below  it  by  which  the 
whole  can  be  held  in  the  clamp  of  the  microtome. 

After  the  specimen,  either  free  on  the  end  of  the  block  or  in  its  box, 
is  surroQDded  by  celloidin,  it  should  be  allowed  to  stand  for  a  short  time 
exposed  to  the  air,  so  that  the  celloidin  may  harden  on  the  outside  by  the 
evaporation  of  the  ether.  If  the  temperature  be  high,  the  too  rapid 
evaporation  of  the  ether  will  cause  bubbles  to  appear  in  the  mass.  This 
should  be  avoided  by  covering  the  specimen  with  a  bell-jar.  After  the 
celloidin  mass  has  acquired  sulhcient  hardness  on  the  outside  to  keep  its 
shape,  the  whole  should  be  placed  in  eighty- per-eent  alcohol,  in  which 
the  celloidin  will  harden  and  acquire  a  sufficient  con^stence  for  cutting 
in  a  few  hours.  ^Vhen  this  is  accomplished  the  paper  may  be  stripped 
off,  and  the  specimen  is  ready  for  sectioning. 

After  the  sections  have  been  cot  they  may  be  stained  in  the  usnal  way 
(Bee  below)  and  mounted  in  glycerin  or  balsam.  If  mounted  in  balsam, 
the  oil  of  origanum  cretici  is  used  for  clearing. 

The  uncut  portion  of  tissue  may  be  preserved,  embedded  in  celloidin, 
by  keeping  it  in  eighty-per-cent  alcohol.  It  is  better,  in  permanent 
preservation  of  uncut  celloidin -embedded  specimens  in  bulk,  to  cut  them 
off  from  the  wooden  blocks,  since  alcohol  extracts  from  these  a  dark 
resinous  material  which  colors  the  specimen  and  interferes  with  the 
staining  of  sections.  K  glass  or  vnlcanite  blocks  be  used,  the  whole  may 
be  kept  in  alcohol. 

Stepanow  has  recently  devised  a  more  rapid  procedure  in  celloidin 
embedding.  The  celloidin  solution  is  made  by  the  following  formula,  a 
few  day  being  required  for  dissolving: 

Celloidin, IS  gm. 

on  of  CloTea, SO  C.C. 

Etlier, 800   " 

Absolute  Alcohol 10    " 

The  hardened  specimen  is  transferred  from  strong  alcohol  to  a  small 
portion  of  the  solution  in  a  closed  bottle.  In  from  three  to  six  hours  a 
small  piece  of  ordinary  tissue  is  usually  impregnated.  It  is  then  put  in 
position  on  the  mounting  block  and  placed  in  pure  chloroform.  In  this 
the  proper  consistency  for  section  cutting  is  secured  in  from  two  to  three 
bonis,  after  which  tlie  whole  is  transferred  to  eighty-per-cent  alcohol. 
If  the  specimen  lemaining  after  sections  ha\'c  been  secured  is  to  be  kept, 
it  should  be  removed  from  the  block  and  placed  in  ehlorofonu. 
For  further  details  of  this  method,  see  the  original  description. ' 
Paeaffin. — For  some  purposes,  especially  when  extremely  thin 
though  not  large  sections  are  required,  parafflu  embedding  is  almost  in- 
dispensable. The  sections  of  tissues  thus  embedded  may  be  cut  exceed- 
ingly thin  (2  to  3  /I,  or  even  1 .",  with  the  Minot-Blake  microtome)  and 

'StepanoK,  Zuitsclir.  t.  wlsseDschartl.  Mikroscopie,  6d.  xvli,,  p.  16C,  1900. 
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wheu  these  are  fixed  to  tlie  s]i<1e  and  appropriately  staiued,  the  condi- 
tions for  the  study  of  cytotogical  details  are  more  favorable  than  by  auy 
other  method.  For  the  parafBn  technique  the  specimen  should  be  small, 
say  i  c.c.  as  a  maximum  limit.  The  specimen,  freed  from  the  [n-eserva- 
tive  fluid,  is  dehydrated  by  graded  alcohoLs  as  follows:  thirty  per  cent, 
fifty  per  c«iit,  seventy  per  cent,  eighty-five  per  cent,  and  finally  iiinetj- 
five  per  cent,  remaining  in  each  of  these  alcohols  for  two. or  several 
hours,  and  is  then  placed  in  absolute  alcohol.  Complete  dehydration  of 
the  specimen  is  indispensable,  fbr  if  the  slightest  trace  of  water  l)e  left 
in  the  specimen,  shrinkage  or  olher  artificial  changes  in  the  tissues  are 
apt  to  occur,  when  the  specimen  is  transferred  to  the  clearing  media 
pieparatory  to  immersion  in  the  melted  paraffin, 

WTieu  the  specimen  is  thoronghly  dehydrated  by  absolute  alcohol,  it 
may  be  put  in  xylol  or  oil  of  cedar,  remaining  in  this  until  it  sinks  and 
becomes  clear.  It  is  then  jmmerse<l  in  a  small  disli  or  gla^  box  of 
melted  pai'affin,  kept  in  a  constant  tem|>erat  ni-e  bath  held  at  52"  C, 
where  it  remains  until  completely  permeated  by  the  paraffin.  It  is  best 
to  use  paraffin  which  has  a  melting-point  of  50°  C,  After  the  specimen 
has  i-emaiued  for  a  while  in  the  first  dish  of  melted  paraffin,  it  is  trans- 
ferred to  a  second  and  then  to  a  third  dish  of  the  same,  in  order  to  re- 
move any  clearing  oil  I'enmining  in  the  sp<>cimen.  The  length  of  time  of 
the  paraffin  immersion  depends  upon  the  size  and  density  of  the  speci- 
men ;  usually  one-half  hour  is  sufficient  for  small,  soft,  or  porons  frag- 
ments; an  hour  or  one  and  a  half  hours  for  lai^r  and  denser  tissues. 
A  longer  period  of  immersion  may  interfere  with  the  finer  stnictural 
details  of  the  tissues. 

A  small  paper  box  considerably  larger  than  the  specimen  itself  is 
filled  with  melted  jmraffin,  and  with  a  warm  needle  or  forceps  the  speci- 
men is  transferred  to  the  paper  box  and  set  iii  its  proper  position  in  the 
bottom,  so  that  the  surface  to  t>e  cut  lies  against  the  bottom  of  the  box. 
In  order  to  avoid  the  slow  cooling  of  theparaffiu  around  the  specimen  in 
successive  layei-s,  which  presents  the  formation  of  a  homogeneous  mass, 
the  paper  box  with  its  contents  is  quickly  cooled  by  being  put  into  cold 
water,  even  iced  water.  When  the  paraffin  block  is  hard,  it  is  fastened 
with  paraffin  on  to  one  of  the  various  discs  l>elonging  to  the  paraffin 
microtome,  trimmed  so  sis  lo  have  a  rectangular  cutting  surface,  and 
sections  are  cut  with  a  dry  knife.  In  order  to  .stain  these  sections, 
the  paraffin  must  be  removed  fi-om  the  intei-stices;  this  maybe  done  with 
xylol.  But  when  the  supporting  paraffin  is  I'emoxed  from  the  sections 
they  are  liable  to  fail  to  pieces  during  the  further  staining  and  other 
manipulations.  The  only  practical  plan  thetefore  with  the  great  major- 
ity of  paraffin  sections  is  to  affix  them  to  a  slide  and  carry  them  in  this 
way  through  the  various  staining  and  mounting  procedures. 

The  best  way  of  affixing  delicate  paraffin  sections  to  a  slide  is  by 
means  of  a  thin  film  of  albumen.  Equal  parts  of  white  of  egg  and  gly- 
cerin are  thoroughly  stirred  together,  flitei-ed  through  paper,  and  a 
small  amount  of  carbolic  acid  is  added  to  present  the  growth  of  micro- 
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organisms.  A  very  small  drop  of  this  albamen  mixture  is  placed  on  one 
end  of  the  slide,  and  vith  the  ball  of  the  finger  or  a  fold  of  cloth,  it  is 
spread  over  the  rest  of  the  slide  io  as  thin  a  film  as  possible.  While  this 
scarcely  perceptible  film  of  albumen  fixative  is  still  moist,  the  paraffin 
sections  or  the  ribbons  of  serial  sections  divided  into  proper  lengths,  are 
laid  upon  the  film  and  gently  tapped  down  flat  with  a  small  camerH-hair 
brush  or  the  finger-tip.' 

The  slide  with  the  attached  paraffin  set^tions  is  now  heated  over  a 
flame,  warmed  juet  sufficiently  to  begin  to  melt  the  paraffin;  this  isavery 
delicate  point  in  the  operation.  Just  enough  heat  must  be  used  to  melt 
the  paraffin  and  no  more.  If  the  slide  be  heated  beyond  this  point,  the 
sectious  may  be  shrunken  or  (.-ompletely  mined.  "WTiile  the  slide  is  still 
warm,  it  is  plunged  into  a  jar  of  xylol,  oscillated  to  and  fro  a  few  sec- 
onds, then  placed  iu  a  jar  of  absolute  alcohol,  then  passed  through  a 
series  of  jars  containiug  different  streugths  of  alcohol — ninety-five  per 
cent,  seventy  per  cent,  fifty  per  cent,  and  thirty  per  cent,  remaining  a 
few  minute  in  each,  and  finally  into  water.  Xow  the  sections  upon  the 
slide  may  be  stained  in  whatever  way  desired,  carried  up  through  the 
graded  alcohols  to  absolute  alcohol,  then  cleared  in  xylol  or  other  clear- 
ing media,  and  mounted  in  balsam. 

Tightly  covered  cylindrical  jars — theCopliu  jar  is  excel  lent — or  wide- 
mouthed  bottles  are  used  for  f  he  betlei'  manipidatiou  of  paraffin  sections, 
the  whole  slide  being  dropped  into  the  receptacle  for  staining  as  well  as 
for  the  dehydration  and  clearing. 

SBOTioH  cxrmsa. 

This  may  be  done  in  an  emergency  by  the  free  hand  with  a  razor 
ground  flat  on  the  lower  side,  but  better  sections  can  be  obtained  by 
means  of  a  nuerotome,  and  practically  all  section  cutting  for  microscop- 
ical purposes  is  done  by  some  form  of  this  instrument.  Oue  of  the 
most  useful  of  these  is  Thoma's.  The  Schanze  microtome  is  also  well 
adapted  for  general  work,  as  are  some  of  the  American  instnnnents 
made  on  the  same  plan.  For  cutting  sections  of  tissues  embedded  iu 
part^n,  and  especially  for  serial  sections,  the  Slinot  microtome  of  the 
improved  form — the  Blake-Miuot  microtome  can,  in  skilled  bands,  cut 
sections  1 1'  in  thickness — is  excellent. 

'  Not  infrequently  very  thin  paraffin  sections  ciirl  or  become  enmigated  as  tliey 
kave  the  knife,  so  that  It  is  difflcult  to  p1ac<-  tliem  flat  upon  the  fixative  film.  Should 
this  occur,  a  few  drops  of  water  iimy  be  spread  out  in  a  thin  layer  over  the  albumen 
film  while  it  is  still  moist  on  the  slidf.  and  the  whole  slide,  with  the  layer  of  water  upon 
its  surface,  is  very  eently  heated  over  the  flame — just  sulQcientty  to  soften  but  not  to 
melt  the  paraffin.  If  the  spctions  arc  then  floated  on  the  warm  layer  of  water,  tliev  will 
uncurl  and  flatten  out.  The  water  is  then  drHined  off,  when  the  flattened  section's  will 
tie  flat  upon  the  fliative  film  and  remain  fasteai-d  there.  All  traces  of  the  water  are 
now  allowed  to  evaporate  in  the  air;  or,  the  evaporation  of  tiie  water  may  be  hastened 
by  exposure  to  a  temperature  four  or  five  <leKrees  below  the  melting -point  of  the 
paraffin. 
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SCethods  of  Staining. 

Sections  of  hardened  tissues  may  be  stained  for  microscopical  study 
in  a  variety  of  ways,  but  for  routine  work  the  double  stAining  with 
tuEmatoxylin  and  eosin  is  most  generally  useful,  and  is  applicable  to 
nearly  all  cases. 

H-EMATOXTLiN  solution  (Delafield's)  is  prepared  as  follows:  To  100 
c.c.  of  saturated  solution  of  ammouia  alum  add  1  gram  of  luematoxylin 
crystals  dissolved  in  6  c.c.  of  ninety-five-per-ceut  alcohol.  Thissolution 
is  exposed  to  the  light  for  a  week,  the  color  m^nwhile  changing  from  a 
dirty  red  to  a  deep  bluish-purple  color."  Then  25  c.c.  each  of  glycerin 
and  wood  naphtha  are  added.  This  mixture  is  allowed  to  stand  for  a  day 
or  two  and  is  then  filtered,  and  the  filtration  is  rejieated  at  iutervals  until 
a  sediment  no  longer  forms. 

The  solution  is  now  ready  for  staining,  the  beet  results  being  obtained 
by  dilating  the  fluid  with  from  ten  to  twenty  times  its  bulk  of  water. 
The  sections  are  immersed  in  the  fluid,  and  allowed  to  remain  until  they 
have  acquired  a  distinct  purple  color  which  persists  after  rinsing  in 
water.  They  are  now  placed  for  a  moment  in  a  dilute  alcoholic  solution 
of  eosiu,  and  then  mounted  in  glycerin  which  has  been  colored  lightly 
with  an  alcoholic  solution  of  eosin.  In  this  way  the  nuclei  of  the  cells 
will  be  stained  of  a  purple  color,  while  the  cell  bodies,  aud  to  a  certain 
extent  the  intercellular  substance,  will  be  colored  a  light  rose-red. 

If  specimens  are  to  be  mounted  in  Canada  balsam,  they  are  stained 
with  hfematexylin  as  before,  and  the  eosin  staining  is  done  by  tingiug, 
with  a  saturated  alcoholic  solution  of  eosiu,  the  alcohol  with  which  the 
final  dehydi-ation  of  the  specimen  is  accomplished.  A  similar  result 
may  be  obtained  by  tiuging  the  oil  of  cloves  or  origanum  with  which  the 
clearing  of  the  sections  is  effected. 

Iron  Stematoxylin  {Heideubain'a). — Sections  are  soaked  for  an  hour 
in  a  two-percent  solution  of  ammonia  sulphate  of  iron,  then  rinsed  with 
water  and  put  for  an  hour  in  a  one-half-per-cent  aqueous  solution  of 
hsematoxyliu  (prepared  by  heating);  again  rinsed  audputagaiu  in  the 
iron  solution,  in  which  the  color  gradually  fades.  The  section  must  be 
watched  during  the  process  of  the  differentiation  which  takes  place  in 
the  irou  solution,  and  when  this  is  accomplished  to  a  proper  extent  the 
section  is  thoroughly  washed  in  ruimiiig  water  aud  mounted  in  the  usual 
way.  This  method  is  esi>ecially  valuable  for  the  study  of  nuclear  struc- 
tures, the  color  of  tliese  ranging  from  blue  to  black,  depending  upon  the 
length  of  time  of  immersion  in  the  stain  aud  the  grade  of  differentiation. 

By  the  use  of  this  method,  micro-organisms  may  be  stained  black,  and 
in  this  couditiou  are,  as  Leamiug  has  shown,  well  fitted  for  the  purposes 
of  photomicrography. 


,vGoo(^[c 


PBESEBVING   AXD  PBBPABING  PATHOLOGICAL  SPECIHEKS.  59 

PiCRO-AciD  FucHBiN  {Van  Oieaon'g  Stain). — This  double  stain,  first 
suggested  by  Van  Gieson,  especially  for  the  nerve  tissue,  has  wide  ap- 
plications in  both  normal  and  patholc^cal  histolt^y,  and  is  most  oseful 
when  following  a  deep  hsmatoxylin  stain. 

It  colors  the  fibrillated  connective-tissue  fibres  and  the  neuroglia  in 
general  a  bright  or  garnet  red,  and  also  the  axis  cylinders  and  ganglion 
cells.  Myelin,  muscle  fibres,  and  certain  other  cells  are  stained  yellow, 
while  the  nuclei  after  the  hjematoxylin  stain  are  brownish-red  in  color. 
Van  Gieson's  stain  is  also  of  value,  although  its  limitations  in  this  par- 
ticular are  not  yet  fully  determined,  as  a  coloring-agent  for  byalin, 
amyloid,  colloid,  and  mucin  in  the  tisues.  As  a  difi'erential  stain  for 
fibrillated  conuective-tissue  fibres  it  is  of  value  in  the  study  of  variooa 
tumors  and  especially  of  the  sarcomata. 

It  is  commonly  prepared  in  two  strengths,  the  stronger  for  use  espe- 
cially in  nerve-tissue  staining,  the  weaker  for  general  purposes.  The 
formulfe  and  method  of  using  as  su^ested  by  Freeborn'  are  as  follows:   - 

Piero-aeid  FaehHn. 
Stronger  tolatii^ — 

One-per-cenl  aqueous  solutloa  Add  Fuchdo 15  c.c. 

Saturated  aqueous  solution  Picric  Acid  and  Water,  each  50  " 

Wtwier  toiutton — 

One-percent  aqueous  Add  Fuchsia 6  " 

Saturated  aqueous  Holution  Picric  Acid, 100  " 

The  tissues  may  be  hardened  either  in  alcohol,  or  in  Orth's  fluid,  or 
in  formalin. 

Sections  are  first  stained  deeply  with  bfematoxylin,  washed  in  water, 
and  put  into  the  staining  fluid,  in  which  they  remain  for  varying  periods, 
depending  upon  the  tissue  and  the  strength  of  the  stain,  but  in  genera', 
from  one  to  five  minutes.  The  sections  are  now  rapidly  dehydrated  by 
alcohol,  cleared  with  oil  of  origanum,  and  mounted  in  tralsam. 

Malloky'8  Anilin  Blub  Staik. — This  stain  is  especially  useful  in 
bringing  out  in  blue  the  fihrillte  and  reticulum  of  connective  tissue, 
though  various  hyaline  sut>stanccs  are  similarly  colored.  The  nuclei, 
protoplasm,  elastic  fibi'es,  axis-cylinders,  neuroglia -fibres,  and  fibrin  are 
stained  red ;  while  re<i  blowl  cells  and  myelin -sheaths  are  yellow. 

The  details  of  the  method  are  as  follows: ' 

1.  Fix  in  corrosive  sublimate  or  in  Zenker's  fluid. 

2.  Embed  in  celloidin  or  paraflin. 

3.  Stain  sections  ou  a  1.20  to  1.10  of  a  oue-j>er-cent  aqueous  solution 
of  acid  fuchsin  one  to  three  minutes. 

4.  Wash  in  water. 
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5.  Place  ill  a  one-percent  aqueous  Bolution  of  phoRphomolybdic  acid 
for  one  iniutite  or  longer  (use  glass  or  platiiium). 

6.  Wash  in  two  changes  of  water, 

7.  Stain  in  the  following  Kolntion  for  five  to  twenty  minutes. 

AniliDe  blue  nolubte  in  waWr  (GrHblor) .  .                  .0.3 

Orange  Q.  (Gi-iibitT),       .  .         .       2.0 

Oxalic  acid      ....  ...      2.0 

Water, .         .   100.0 


8.  Wash  in  water. 

».  Dehydrate  in  ninety-five  per  cent  alcohol, 

10.  Blot  on  the  slide,  and  clear  in  .\yloI,  or  clear  in  oleum  origaui 
creliei. 

11.  Xylol  balsam. 

Methylene  Blue  is  a  useful  stain  fur  many  purposes.  The  tiissues 
may  be  hardened  in  Zenker'sorOrth's  fluid.  Unna's  polychrome  methy- 
lene blue  is  made  by  adding  one  part  eaeh  of  methylene  blue  and  potas- 
sium carbonate  to  one  hundred  parts  of  water.  This  should  stand  for 
several  weeks  before  use.  The  section  is  overstaineU  and  then  decolor- 
i/.ed  as  follows:  Stain  for  fifteen  luinutes  or  longer;  rinse  in  water,  de- 
colorize in  one-half- percent  acetic  acid  or  in  alcohol;  clear  in  xylol. 
Tliionin  or  toliiidin  blue  gives  similar  results.  B,^'  the  use  of  these  stains 
Ihe  bodies  of  plasma  cells  (see  p.  103)  are  coloi-e<I  bluish  violet,  the 
nm-lei  blue.  The  granules  of  "mast  cells"  ai'e  stained  ivd  if  the  ti.'^nie 
be  hardened  in  alcohol  or  Zenker's  fluid,  bluish  if  hardenetl  in  Orlh's 
fluid. 

Methods  of  Preserving  Specimens  for  Oross  Demonstration 
and  for  Museums. 

When  specimens  of  abuomial  tissues  or  organs  are  tc)  be  preserved 
entire  for  exhibition  in  jars  in  a  museum,  the  superfluous  pjiHs  are  fiist 
removed  and  the  requisite  dissections  made.  Then  they  are  carefully 
placed  in  the  position  aud  form  which  it  is  wished  to  preserve,  by  stufi'- 
iiig  with  horsehair  or  absorbent  cotton  and  by  the  us*-  of  thread.  When 
thus  carefully  adjusted  they  are  either  suspended  or  laid  on  a  wsul  of 
absorbent  cotton  in  sixty  to  eighty -i>er-cent  alcohol,  or  in  five-twr-cent 
formalin  solution.  In  this  they  usually  become  hard,  and  flnally,  after 
the  removal  of  the  temporary  slufling  and  brat-cs,  ai-e  tntnsferied  for 
permanent  exhibition  to  fiesh,  clear,  eighty-i»er-cent  alcohol,  or  in  case 
of  formalin  hardening  to  a  fi-esli  solution  of  llie  formalin,  to  which,  if 
the  jar  is  likely  to  be  exposed  to  cold,  a  little  glycerin  is  added  to  pre- 
vent freezing.  This  descrijttion  applies  especially  to  such  specimens  aa 
have  canities  to  distend  or  display. 

The  more  simple  .specimens,  such  as  the  solid  viscera,  tumors,  etc., 
may  be  washed  and  hardened  in  sixty-per  cent  alcohol  or  in  formalin 
solution. 
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III  luauy  caee»  au  excellent  hardening  is  obtained  by  injecting  the 
preservative  fluid  through  the  blood-vessels.  The  lungs  are  well  hard- 
eued  l)y  pouring  the  fluid  through  the  trachea  into  the  air  spaces. 

Pirni-walled  i-y»t«i  of  varioum  kiuds  are  well  preserved  in  a  roudition 
of  distention  by  drawiug  ufi*  the  natural  coutentH  through  a  fine  canula 
and  rffiUing  with,  aud  imuierKing  in,  formalin  solntiou.  Delicate  cyt^x, 
i>ncb  as  ei-binococcus  c}'Bt»,  small  embryos  in  their  membranes,  cystic  kid- 
neys, etc,  may  be  preserved  in  a  nearly  natural  condition  in  formalin. 

KaiBerlii^'8  Method  of  Fixing  Natiiral  Colors  in  Museum 
Specimens. ' 

I.  Fixation  for  one  to  five  days  in : 

Fonnaldebjtle       ......    200  c. p. 

Water 1000  " 

Nitrate  of  potasalum 15  grams 

Acetat«  of  potassium SO     " 

Change  the  positiou  of  the  specimen  frecinently.  The  time  of  fixation 
varies  with  the  tissue  or  organ  and  size  of  the  specimen. 

2.  Drain  and  ])lace  in  eighty-per-ceut  alcohol  one  to  six  hours,  and 
then  in  ninety  five-per  cent  alcohol  for  one  to  two  hours,  to  restore  the 
color,  which  is  somewhat  affected  iii  (he  fixing  solution. 

3.  Preserve  in: 

Acetate  of  potasBJum 2O0  grams 

Glycerin 400  c.c. 

Water    ...  ...  3000     " 

Since  exposure  to  light  reduces  the  color  contrasts  the  specimen  should 
be  prepared  and  kept  in  the  dark. 

The  Importanoe  of  Careful  Fixation  and  Preservation. 

We  would  most  lu^ently  commend  to  the  reader  the  importance  of 
putting  iHithological  specimens  which  are  to  be  hardened  aud  subse- 
qncntly  examined  microscopically,  at  the  earliest  poiisible  moment  into 
the  preseriatii'e  fluids,  ickich  should  ahrayg  be  abundant.  Furthermore, 
when  specimens  are  large  it  is  very  desirable  to  cut  them  open,  so  that 
the  fluid.'!  may  come  into  direct  contact  with  the  tissues.  It  should  l>o 
borne  in  mind  that  immediately  after  death  or  the  ivinoval  of  parts  from 
the  body,  especially  in  warm  weather,  changes  commence  in  the  tissues 
antl  progress  very  rapidly,  so  that  in  some  cases  a  few  hours'  or  e\-en  a 
few  moments'  delay  will  not  only  render  subsequent  microscopical  exam- 
inations diffienlt  and  unsatisfactory,  but  may  lead  to  serious  erroi-s.  Al- 
cohol, and  five-per-eent  formalin  are  the  most  generally  useful  agents. 
Carbolic  add  and  glycerine  should  not  be  uHed.  et'en  for  the  temporary  preser- 

'See  Maltorye,DA  Wright:  "Putliologicul  TecLniqui'."  1801.  p.  860. 
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vaUon  of  fre»h  tissue.  They  not  only  do  uot  hardeu  and  presene  the 
tissue  eleniente,  but  they — especially  glycerin — render  them  almost  use- 
less for  microscopic  examination. 

The  not  uncommon  practice  of  wrapping  a  specimen  in  a  cloth  soaked 
iu  alcohol  or  carbolic  acid,  and  permitting  it  to  remain  in  this  for  hours 
or  days,  is  of  no  use  whatever  in  preser\'ing  specimens  of  which  micro- 
scopic examinations  are  to  be  made.  Almost  equally  useless  is  the  too 
common  practice  of  placing  a  si>ecimeu  in  a  bottle  which  it  oearly  fills, 
and  pouring  a  little  preservative  fluid  around  it.  Ifot  only  should  the 
proper  fluids  be  used,  but  these  should  be  abundant,  and  the  specimen 
so  prepared  and  arranged  that  they  may  come  into  direct  contact  with  it. 
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INTRODUCTION. 

The  successful  pursnit  of  pathology — the  science  which  treats  ot 
diHeaae— depends  largely  upon  the  clearneHS  aiid  accuracy  of  the  stn- 
dent's  knowledge  of  normal  anatomy  and  normal  physiolt^'. 

Leaving  aside  as  not  indispensable,  and  at  present  not  attainable,  an 
accurate  definition  of  life,  it  is  important  constantly  to  realize  that  the 
normal  living  body  is  a  complex  and  .delicate  mechauiRm  incapable  of 
creating  new  force:)  but  able,  by  means  of  its  cellular  and  molecular  or- 
ganization, to  accnmnlate  or  store  enei^-  derived  from  without,  releas- 
ing thit;  under  fixett  and  definite  conditions.  This  storing  of  energy  is 
possible  by  means  of  the  capacity  of  living  body-cells  to  build  up  com- 
plex uiolecular  combinations.  These,  owing  to  their  instability,  may  be 
rewlily  resolved  into  less  complex  and  moi-e  stable  combinations  with 
the  relea»fe  of  the  stored-np  energj'.  This  it  is  which  makes  possible  all 
expression  of  life. 

Many  of  the  earlier  views  concerning  life  and  death  and  health  and 
disea.se,  which  have  long  since  given  way  to  more  accurate  couceptions, 
still  hold  a  certain  sway  among  the  thoughtless,  perpetuated  by  tradi- 
tional forms  of  8i>eech.  One  of  these  i.s  that  disease  is  an  entity,  some- 
thing foreign  to  the  body  which  may  enter  from  without,  and  with  which 
the  Itody  may  struggle  and  fight,  which  it  may  conquer  or  to  nbose  ra^'- 
agcK  it  may  succumb.  It  will  be  wise  for  the  student  constantly  to  re- 
member that  disease  is  not  a  thing,  but  a  process.  It  is  an  abnormal 
performance  of  certain  of  the  functions  of  the  body.  This  may  or  may 
not  l)e  associated  with  appreciable  morphological  alterations  of  the  body 
strnctni-e.  It  is  those  agencies  and  conditions  to  which  the  body  has 
not  iulapte<l  itself,  which,  swayiug  its  normal  capacities  now  one  way  and 
now  another,  induce  the  functional  aberrations aiid  structural  lUterations 
by  which  dLsease  is  manifested. 

It  follows  from  this  that  the  functional  abnormalities  and  the  struc- 
tural alterations  which  make  up  the  signs,  symptoms,  and  lesions  of  dis- 
ease involve  the  expression  of  no  new  functional  capacities  which  the 
uornnil  body  doe«t  not  possess.  These  may  I>e  diminished  or  exalted, 
they  may  l>e  perverted  or  abolished ;  oi-  the  cells  may  now  and  then  re- 
vert lo  forms  and  to  phases  of  activity  which  the  body  has  long  since 
outgrown  or  largely  suppressed  in  its  slow  adaptation  to  conditions  of 
life  which  now  constitute  the  normal.  But  the  t>ody  in  disease  manifests 
no  new  functions,  develops  no  new  fonns  of  enei^y,  reieals  no  new  ca- 
pacities. 

Thus,  if  pathology  is  to  l>e  for  the  student  or  the  practitioner  any- 
thing but  a  mass  of  more  or  le.ss  useful  facts,  he  must  lesirn  to  conflate 
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its  data  with  the  fa«t8  and  laws  of  uorinal  morphology  and  normal  phys- 
iology. While  he  should  be  conscious  always  on  the  one  hand  of  the 
invisible  molecular  changes  which  underlie  the  manifestations  of  enet^~, 
and  on  the  other  will  not  ignore  the  details  of  gross  morpbologj',  his  at- 
tention will  be  most  constantly  drawn  to  the  cells  as  the  life  units  upon 
which  nltimately  both  the  form  and  function  of  living  things  depend. 
He  will  realize  that  as  the  cells  of  the  normal  body  are  what  they  are  in 
form  and  in  function  because  of  the  conditions  under  which  they  have 
been  slowly  evolved,  and  are  at  the  moment  placed ;  so  when  the  oondi- 
lions  change  and  become  abnormal,  it  is  to  the  cells  that  he  must  look 
for  an  understanding  of  the  aberrations  and  disturbances  by  which  we 
recognize  disease. 

In  noruial  physiolc^y  attention  is  most  keenly  centi-ed  to-day  upon 
the  structure  and  performances  of  cells  as  the  field  richest  in  the  prom- 
ise of  significant  revelations.  So,  also,  in  pathology  by  similar  methods 
and  with  equal  persistence  must  the  strnetui'e  and  performances  of  cells 
under  abnormal  conditions  be  studied  if  we  are  to  hope  with  i<eiison  for 
a  clearer  comprehension  of  disease.  This  ha^  long  been  recognized,  and 
to  the  conception  of  the  pathological  processes  as  e.ssentially  cellular 
proces.se8  are  due  the  grejit  advances  which  this  phase  of  biological  science 
has  made  during  the  past  few  decades.  But  the  newer  knowledge  of  the 
cell,  not  as  a  membranous  bag  nor  as  a  mere  lump  of  protoplasm  but  as 
a  complex  machine  whose  various  structural  features  are  of  the  utmost 
significance,  has  greatly  widened  the  field  of  cellular  pathology. 

Manifestations  of  heredity  which  are  displayed  in  the  body  sis  a 
whole  have  long  been  known.  To-day  we  nmy  and  must  take  account 
of  the  marks  of  lieiXKlity  in  individual  cell  life.  Xot  a  few  of  what  we 
call  the  aberrances  of  cells  in  disease  are  but  the  cxpi'ession  of  cell  traits 
and  capacities  latent  in  the  environment  which  has  become  the  usual  and 
therefore  the  normal,  but  finding  expression  as  the  sway  of  the  body- 
organism  is  released  under  disturbances  of  its  equilibriimi.  Thus  cells 
thrown  out  of  function  may  in  a  measui-e  revert  in  cliaraeter  to  less  dif- 
ferentiated types,  and  cells  long  comparatively  quiescent  may  under 
varying  stimuli  assume  capacities  and  forms  which  they  seemed  to  have 
outgrown. 

Of  course  in  the  pursuit  of  patholt^ical  morphology  it  is  tlie  dead 
body  and  dead  tissues  with  which  we  are  most  often  engaged.  But  these 
are  of  special  interest  only  as  tliey  reveal  structures  or  indicate  processes 
which  were  maintained  during  life.  So  that  he  who  can  most  closely 
correlate  the  knowledge  of  the  living  cells  with  his  ob.servations  upon 
those  which  are  dead  will  gain  most  from  his  morphological  studies. 

WTiile  the  pathology  of  to-day  is  essentially  a  cellular  pathology, 
while  it  is  illuminating  and  convenient  to  consider  the  cells  as  physio- 
logical and  structural  units,  maintaining  a  certain  independence  of  ex- 
istence and  function,  it  is  nevertheless  true  that  beyond  their  mere  jux- 
taposition in  the  body,  beyond  a  close  mutual  dei)endence  upon  the 
common  blood  supply  and  nerve  control,  theit!  is  a  subtle  and  as  yet 
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little  understocMl  traiismiseiou  of  physiolt^cal  impulses  from  cell  to  oell. 
"Whether  this  is  by  protoplasmic  coutiuuity  or  iu  some  other  way,  we  do 
not  know.  But  it  should  uot  be  left  out  of  the  account  in  some  of  the 
more  complex  and  subtle  problems  which,  iu  health  as  iu  disease,  the 
life  of  the  cell  and  the  life  of  the  body  presents 

MTieu  we  study  the  so-called  coimca  of  disease,  we  should  remember 
always  that  underlying  the  manifestatious  of  disease,  as  well  an  Kiistaiu- 
ing  the  correlated  processes  which  we  name  health,  are  the  complex  and 
ceaseless  cbemieal  transformations  which  in  both  health  and  disease 
alike  supply  the  enei^  which  sustains  all  expression  of  life.  So  that 
what  we  are  wont  to  call  the  canses,  whether  external  or  internal,  of  dis- 
ease are  really  uot  primary  causes,  but  liberating  impulses  or  excitants 
which  sway  and  modify  the  orderly  transformations  of  energy  constitut- 
ing health  with  those  manifestations  of  perturbed  function  or  altered 
structure,  or  both,  on  which  our  conceptions  of  disease  are  frametl, 

Patholt^y,  then,  deals  with  the  disturbances  of  function  and  the  al- 
terations in  structure  in  living  beings,  induced  by  uuusiial  agencies  and 
conditions.  The  functional  disturbances  thus  induced  are  embraced  as 
symptoms  of  disease  in  pathological  physiology,  which  so  largely  dominates 
the  scientific  activities  of  the  physician,  and  forms  the  basis  for  the  prac- 
tice of  his  art.  The  phenomena  of  pathological  physiology  aie  in  no 
sense  opposed  to  those  of  normal  physiolt^y,  but  are  their  inevitable 
correlati\'e8  when  the  living  body  is  placed  under  sufficiently  abnormal 
conditiona  Pa/AoIo^icaZ  morjjAofo^V  is  concerned  with  the  structural  al- 
terations of  the  oi^nism  which  may  result  from  abnormal  conditions. 
Pathological  morphology  deals  with  both  the  grass  and  the  microscopic 
alterations  of  structure,  and  hence  embraces  both  pathotogiml  niiatmny 
and  pathological  histology. 

But  alterations  in  structure  are  so  closely  associated  with  distui-bances 
in  function,  and  both  are  so  constantly  dependent  upon  the  inciting  fac- 
tors in  disease,  that  an  intelligent  study  of  morphology  necessitates  a 
constant  consideration  of  etiology  and  of  certain  phases  of  pathological 
physiologj'. 

It  is  customary  and  convenient  in  the  study  of  pathology  to  consider 
together  the  general  or  elementary  abnormal  processes  and  conditions 
and  the  etioli^ical  factors  in  disease  without  reference  to  their  special 
manifestations  in  particular  organs  or  parts  of  the  body.  This  division 
of  the  subject  is  called  General  Pathology.  Special  Pathology  deals  with 
the  forms  and  details  of  lesions  in  individual  organs  or  parts  of  the 
body. 

The  human  body  is  so  complex  in  its  oi^anization  that  the  student  of 
pathology,  like  the  student  of  normal  morphology  and  physiology,  is 
under  the  constant  necessity  of  seeking  light  through  the  study  of  sim- 
pler oi^nisms.  In  our  extremely  differentiated  and  intimately  co-oi-di- 
nated  cells,  many  features  fundamentally  simple  are  veiled  or  modified; 
so  that  we  can  understand  them  only  when  we  interjiret  them  in  the 
light  of  less  advanced  forms. 
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Thus  it  is  that  in  the  loi-e  of  the  zoologist  and  the  botanist  we  may 
find  the  key  to  obscure  and  iuiportaut  manifestations  of  aberrant  cell 
life.  It  is  iu  truth  through  the  pursuit  of  Comparative  Pathology  that 
some  of  our  greatest  advances  in  the  conceptions  of  disease  have  been 
won,  and  in  it  lies  the  brightest  promise  for  the  future.  In  the  light  of 
embrj  ology  many  obscure  pathological  processes  become  plain  and  many 
clews  to  fiTiitful  research  are  secured. 

Furthermore,  so  much  depends  upon  the  metabolism  of  the  body  iu 
health  and  disease  that  it  is  to  chemistry,  both  physiological  and  patho- 
logical, that  the  scientific  physician  looks  most  eagerly  for  the  solution 
of  problems  which  each  day  become  more  numerous  and  ui^ent. 

Finally,  we  are  daily  realizing  more  clearly  that  in  those  complex 
and  subtle  processes  which  we  are  wont  to  call  vital,  such  physical  fac- 
tors as  molecular  constitution,  osmosis  and  difiTnsion,  gravitation,  elas- 
ticity and  pressure  are  of  the  highest  significance  and  cannot  in  our 
studies  be  wisely  ignored. 
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CHAPTER  I. 

CHANGES    IN    THE    CIBCTJLATION    OF    THE    BLOOD. 
Hypersemis  and  Ancemla. 

TiiKKE  are  seventi  abiiorniiil  oniiditioiiH  of  tho  ciroulatioD  vhii-h  at 
deiith  may  either  alter  considerably  or  disjippear  altogelher.  Aiiuiiig 
the  more  impoitaiit  of  these  conditions  are  ht/pera-mia — excess  of  blood 
in  a  jKiit;  and  (nia-mia — deficiency  of  blomi  in  a  i>art.  These  and  the 
conditions  which  lead  fo  them  will  not  \>e  described  in  detail  in  this 
book,  which  hius  chiefly  to  do  with  altemtions  of  the  tissue  which  [>ei-sist 
and  may  be  studied  after  death.  Tissues  which  have  Iktu  the  scjit  of 
temporary,  and  sometimes  of  prolonged,  hy]>erfeniiti,  may  not  ajtiM-ar 
abnormal  after  de-.ith,  or  they  may  look  i-edder  than  normal;  the^v  may 
be  Ufdematous,  and  more  bloo<l  than  nsnal  may  flow  from  tliem  when 
iueised.  On  micros4-opic  examination  the  blood-vessels  may  be  normal 
in  appearance,  or  more  or  less  distendwl  with  blood.  I>ing-continued 
hypeiiemia  may  lead  to  hiemorrhage  and  transudation,  to  pigmentation, 
to  hyperplasia  of  tissue,  or  to  an  atrophy  of  tissue  through  pressure, 
or  even  to  death  of  tissue. 

The  paleness  whicli  is  chanu'teristic  of  tnnvmic  tissues  may  not  I>e  e\i- 
dent  after  death.  Antemia  nnvy  lead  to  no  recognizable  microscopic 
changes.  On  the  other  hand,  if  loi^  continued  it  may  induce  atrophy 
and  fatty  degeneration,  and,  if  excessive,  may  lead  to  death  of  tissiu-. 

Heemorrhage  and  Transudation. 
HJEHOBBBAOE. 

Hiemorrbage  is  an  escape  of  blood  from  f  lie  h«vrt  or  vessels.  It  may 
occur  from  a  rupture  of  the  wails  of  the  vessels,  and  is  then  called  Inem- 
orrhage  by  rhej-is.  The  rupture  may  be  iK-C!isioned  by  injury,  by  lesion 
of  the  walls  of  the  vessels  which  renders  them  too  weak  to  resist  the 
blood  pressure  from  within,  or  it  may  occur  from  the  blood  pressure  in 
the  thin  and  incompletely  develoi)ed  walls  of  new-fonued  vessels  as  in 
granulation  tissue,  tumors,  etc. 

Under  other  conditions,  without  i-eeoguizable  ehanges  in  the  vessels, 
all  the  elements  of  the  blooil  may  IxM'ome  exti-aviisiited  by  passing, 
without   rupture,  through  their  walK     Th  callel  hemorrhage  by 

(liapfdesin.     Such  ha-morrhages  are  11  II   1    t        v  be  very  ex- 

tensive. They  occur  in  the  smaller  e  t  I  c'  j  liar  e  the  cells  and 
fluids  of  the  blood  passing  out  through  tl  e  ce    e  t      list       e  between  the 
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endotheliitl  cells.  Altliotigli  no  marked  morpbological  changes  bave 
as  yet  been  detected  which  explain  this  extravasation,  it  is  probable 
that  some  ehauge  in  the  nutrition  of  the  walls  does  occur  which  renders 
them  more  permeable.  Hseniorrhage  by  diapedesis  is  apt  to  occur  as  a 
result  of  venous  congestion,  or  when  the  &ow  of  blood  in  the  smaller 
vessels  has  been  suspended  for  some  time;  or  it  may  result  from  the 
action  of  some  poison,  or  from  an  injury  not  leading  to  rupture ;  or  it 
may  occur  in  incompletely  develoi»ed  blood-vessels,  in  tumors  and  other 
new-formed  tissues. 

In  the  extravasation  of  blood  by  diapedesis  the  white  blood  cells  may 
pass  through  the  walls  of  tlie  \essel8,  partly  at  least  in  virtue  of  their 
amoeboid  movements;  the  red  cells,  on  the  other  hand,  having  no  power 
of  spontaueoiis  movement,  are,  according  to  Arnold,  carried  passively 
through  the  walls  by  minute  currents  of  fluid  which,  under  the  clianged 
condition,  stream  in  inci'eased  force  and  volume  through  the  endothelial 
cement  substance  into  the  tissue  spaces  outside. 

The  altered  conditiou  of  the  blood-vessels  leading  to  haemorrhage  may 
be  local  or  general,  and  in  the  latter  case  it  may  either  be  congenital,  as 
in  some  cases  of  the  hipmorrhagie  diathesis,  or  it  may  be  the  result  of 
a  geneml  disease,  such  as  scurvy,  purpura,  etc.  The  presence  of  bacteria 
in  the  vessels,  or  of  bacterial  or  other  poisons  in  the  blood,  as  in  malig- 
nant endocarditis  and  in  haemophilia  neonatorum,  may  induce  changes  in 
the  walls  of  the  vessels,  leading  to  extravasiition. 

Very  small  hiemorrhages  arc  called  peteckiw;  larger,  diffuse  accumu- 
lations of  blood  in  the  Interstices  of  the  tissues  are  commonly  called  «•- 
digmoses  or  miggUlatiom.  A  complete  infiltration  of  a  circumscribed  por- 
tion of  tissue  with  blood  is  called  a  hwmorrhaglc  infarction.  A  collection 
of  blood  in  a  tumor-like  mass  is  called  a  hcematoma.  Sometimes  the  ele- 
ments of  the  tissue  into  which  the  blood  escapes  are  simply  crowded 
apart ;  sometimes,  as  in  the  brain,  they  are  broken  down. 

The  fxtravasated  blood  in  the  tissues  usually  soon  coagulates,  al- 
though exceptionally  it  remains  fluid  for  a  long  time.  A  certain  num- 
ber of  the  white  blood  cells  may  wander  into  wljaceiit  lymph  vessels,  or 
they  may  remain  entangled  with  the  red  cells  in  the  me^es  of  the  fibrin. 
The  finid  is  usually  soon  absorbed ;  the  fibrin  and  a  portion  of  the  white 
blood  cells  disintegrate  and  are  absorbed.  The  red  blood  cells  soon  give 
up  their  tuemoglobin,  which  decomposes  and  may  be  carried  away  or  be 
deposited  either  in  cells  or  in  the  intercellular  substance  at  or  near  the 
seat  of  the  ha'morrhage,  either  in  the  form  of  yellow  or  brown  granules 
or  as  crystals  of  liietnatoidin.  Sometimes  all  trace  of  exti-avasations  of 
blood  in  the  tissues  disappears,  but  frequently  their  seat  is  indicated  for  a 
long  time  by  a  grcjiter  or  less  amount  of  pigment  or  by  new-foiined  con- 
nective tissue.  Occiisionally  the  blood  niii-ss,  in  a  more  or  less  degenerated 
conditiou,  becomes  encapsulate<l  by  connective  tissue,  forming  a  cyst. 

The  action  of  phagocytes  (see  page  116)  in  the  disposal  of  dead  ma- 
terial is  here,  as  it  is  under  a  great  variety  of  conditions,  an  important 
factor  in  the  restoration  of  the  body  after  lesion  to  its  normal  conditions. 
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HEMORRHAGES  IN  THE  NEW-BOBN. 
Hiemorrha^ies,  sometimes  exteusive,  iu  various  parts  of  the  body— 
gastro-inteetiDal  caiial,  mouth,  nose,  navel,  or  the  viscera — are  oot  iiifre- 
queut  in  the  first  few  days  of  life.  Aside  from  the  occasional  discovery 
of  ulcers  in  the  gastro-iutestinal  walls,  the  reason  for  these  hsemorrbages 
is  not  evident  at  autopsy.  This  condition  has  been  called  morbus  macu- 
losiis  neonatorum.  H^niorrhages  from  the  skin,  mucouH  membrauea,  or 
navel  may  take  place  in  the  syphilitic  new-born.  Htemoglobinuria  may 
occur  in  epidemic  form  in  young  children. 

U^HOPHiLiA  (H<emwTkaffic  IHatheaia). 

This  abuormal  condition  consists  in  a  liability  to  persistent  hsemor- 
rbaji^e  on  the  slightest  provocation,  and  is  dependent  upon  some  consti- 
tutional i>eculiarity  which  is  unknown  to  ns.  It  is  usually  hereditary. 
An  uncommon  thinness  of  the  intima  of  the  arteries  has  been  noticed  in 
some  cases,  and  other  changes  have  been  described;  but  there  are  no  con- 
stant lesions  associated  with  the  hiemorrhages,  as  yet  discovered,  which 
would  satisfactorily  account  for  their  occurrence.  The  hiemorrhages  may 
be  traumatic  in  origin,  or  they  may  occur  spontaneously  from  the  mu- 
cous monibi'anes. 

TBANBtrSATION. 

Transudation  is  the  passage,  thivsugh  the  walls  of  the  blood-vessels 
into  the  interstitial  spaces  outside,  of  fluid  from  the  blood,  with  little  or 
DO  admixtui-e  of  its  cellular  elements.  This  occurs  constantly,  to  a  cer- 
tain extent,  under  normal  conditions,  and  forms  the  commencement  of 
the  lymph  circulation.  But  when  the  amount  of  fluid  passing  through 
the  walls  of  the  blood-vessels  is  increased,  or  its  outflow  into  the  larger 
lymph  trunks  is  hindered  so  that  it  accumulates  in  undue  quantity  in  the 
interstices  and  lymph  channels  of  the  tissues,  the  condition  is  pathologi- 
cal. An  accumulation  of  transuded  fluid  in  the  interstices  of  the  tissues 
is  called  aflema  ;  in  the  serous  cavities,  dropsy. 

Its  occurrence  may  depend  upon  some  hindrance  to  the  venous  circu- 
lation or  increase  of  capillary  prcssui-e,  especially  when  associated  with 
alterations  in  the  walls  of  the  blood-vessels  or  upon  changes  in  osmotic 
pressure  induced  by  a  reduction  in  the  nutrient  efficiency  of  the  blood, 
by  injuries,  or  in  other  ways  which  may  affe<*  the  processes  of  filtration 
and  osmosis,  by  which  chietly,  it  is  believed,  the  normal  transudation  of 
fluids  occurs.  There  is,  furthermore,  strongand  increasing eiidence  that 
the  endothelial  cells  of  the  capillaries  possess  active  secretory  or  other 
functional  capacities  which  should  be  taken  account  of  in  the  attempt  to 
comprehend  trausudation  as  well  as  many  other  pathological  phenomena 
and  lesions.     A  simple  interference  with  the  outflow  of  lymph  does  not 

'For  a  study  at  lympli  fonnatUm  see  Hamburger.  Zteghr's  "Bdtrttgu  zur  path. 
ADat,."  B(l.  14,  p  443,  1898,  for  ledeiiui  gee  MelUer,  IlamDEtua  Lectures,  Uuiv.  of 
Bufblo,  1904. 
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usually  alone  suffice  tn  iuduce 
transudation,  alt  Lough  it  may 
favor  its  occurrence. 

Tlic    transuded    fluid,    called 
Imnstidaie,  is  usually  transparent 
and  colorless  or  yellowish ;  it  con- 
tains the  siinie  salts  as  the  blood 
X)la.snia,  but  less  albumin.    It  may 
contain  fat,  mucin,  urea,  biliarj' 
acids,  coloring -matter  of  the  bile ; 
fibrinogen    is  usually  present    in 
variable    quantity,    and,    rarely, 
fibrin.     It  may  contain  endothe- 
lial cells  from  the  lympli  .-ipaces, 
and  a  variable  number  of  i-ed  and 
white  blood  cells.    The  amount  of 
lluid  which  may  accumulate  in  the 
ti.ssucs  varies  greatly,  dei>endiug 
upon  whether  they  arc  lo<Kse   or 
dense  in  texture.     The  fibres  and 
cells   of    loose    tissues    may    be 
ci-owded  widely  apart;   the  cells 
are  apt  to  be  more  granular  than 
normal,  they  may  contain  droplets 
Fio.  8.-ocrLiniKa  thrombds  ok  ihk  uuc.         of  fli''<l  o""  they  may  be  atrophied. 
The  v(«GeL[s  laid  oprn.tbowidiiihEianieiiatedcini.      Tinnsudates  Occurring  iu  inflam- 
mation usually  contain  a  consid- 
erable nmuber  of  white  blood  cells  and  more  or  less  fibrin,  and  difi'er  in 
this  from  the  nou- inflammatory  transudations;  but  in  some  cases  there 
is  no  sharp  distinction  between  them.     The  inflammatory  transudates 
are  often  called  exudations  or  exudafea. 

Thrombosis  and  Embolism. 


Thrombosis  is  a  coagulation  of  bluod  in  the  heart  or  vessels  during 
life.  The  coagulum  is  called  a  thrombvs.  Thrombi  may  lie  against  the 
wall  of  the  vessel,  only  partially  filling  the  lumen,  and  are  then  called 
parietal  thrombi;  or  they  may  entirely  fill  the  vessel,  and  are  then  called 
oeehiding  thrombi  (Fig.  8l. 

The  tlin)mbu8  may  form  first  upon  the  wall,  and  by  more  or  less  con- 
tinuous deposit  of  fresh  material,  may  extend,  usually  but,  not  always,  in 
the  direction  of  the  blood  current,  either  as  a  parietal  or  an  occluding  or 
obstructing  thi'ombus  along  the  vessel  or  into  connecting  channels. 

Thrombi  may  occur  as  the  i-esult  of  an  injury  to  the  wall  of  a  vessel, 
or  may  follow  its  compi-ession  or  dilatation ;  they  may  result  from  some 
alteration  of  the  wall  of  the  vessel  by  disease  or  by  the  retardation  of  the 
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circulatiou.  So  long  as  the  emlothelial  lininR  of  Hie  vessels  is  intact, 
simple  retardation  of  the  circulation  does  uot  usually  alone  sufRce  to  iu- 
diioe  coagulation;  but  changes  in  the  en- 
dothelium, in  a  great  variety  of  condi- 
tions, such  as  inflamniation,  degeneration, 
atheroma,  calcification,  and  the  presence 
of  bacteria,'  tumors,  and  foivign  bodies, 
fa\-or  its  occurrence,  esix-cialiy  when  as- 
sociated witJj  changes  in  the  circulation 
or  in  the  character  and  contents  of  the 
blood.  Thrombosis  is  a  not  infreijuent 
complication  of  the  infectious  diseases  as 
well  as  of  the  cachectic  conditions  iissoci- 
ated  with  various  acute  and  chronic  gen- 
eral diseases. 

Thrombi  may  be  compased  of  fibrin 
and  of  red  and  white  blood  cells,  inter- 
mingled in  about  the  same  proportion  as 
in  an  ordinary  e.\tra vascular  blood  elot 
(Fig.  9).     These  are  called  retl  thrwabi, 

and  usually  occur  from  some  sudden  stoppage  of  the  circulation.  Other 
thrombi,  usually  such  as  form  while  the  blood  is  in  motion,  may  consist 
almost  entirely  of  white  blood  cells  with  a  little  fibrin,  or  of  these  inter- 
mingled with  blood  platelets,  or  they  may  consist  almost  entirely  of 
blood  platelets;  all  of  these  forms  are  called  white  thrombi.  Eed  thrombi, 
when  decolorized  by  changes  in  the  blood  pigment,  may  somewhat  re- 
semble genuine  white  thrombi.  Mixed  thrombi  are  usually  lamellated 
(Fig.  10)  and  contain  varying  proportions  of  fibrin,  red  and  white  blood 
cells,  and  platelets.  The  fibrin  fibrils  in  thrombi,  as  elsewhere,  often 
coalesce,  forming  hyaline  masses.  A  similar  change  may  take  place  in 
the  blood  platelets. 

After  a  certain  amount  of  slirinkage  by  which  the  flui<ls  are  squeezed 
nut  and  the  thrombus  becomes  denser  and  driei',  the  changes  which 
occur  in  the  thrombus  may  be  either  in  the  direction  of  degeneration 
and  absorption  or  organi7^tion.  The  leucocytes,  the  fibrin,  and  the 
blood  plates  may  degenemte,  forming  a  granular  materiivl  which  may  Im'- 
crome  infiltrated  with  salts  of  lime,  forming  the  Bocalled  phleboHthn,  or 
rein  nionet.  In  other  cases  the  thrombi  may  soften  and  disintegiiite. 
This  softening  may  be  simple  and  tlie  result  of  fatty  or  other  foi'ni  of  tis- 
sue degeneration,  resulting  in  a  white  or  reddish  or  brown  grumous 
mass,  which  may  resemble,  but  is  not,  pus.  Or,  in  many  instances 
softening  probably  occurs  through  the  autolytic  processes,'  initiated  and 
sustained  lai^ely  by  leucocytes.  On  Ihe  other  hand,  softening  of  the 
thrombr.s  niay  be  associated  with  bacteria  or  other  infectious  nuiterial 

'  For  a  study  of  llie  rfllo  nf  niicrn  nrgunisms  in  Uiy  formatioM  of  vcninia  ltmnii1)I  sif 
Jabmiki.  Cbl.  f.  Buk..  Abtb   I  .  mi.  38,  p.  801.  1900.  BIbl.     CausuV.  also  Weteh  on  jl- 
"8ysl«ni  of  Mpilirini>."  vol.  vi  ,  p.  109. 
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with  genuine  snppiiratiou.     In  this  "  purulent "  or  "  septic  "  Bofteniug  of 
the  thrombus  the  risk  is  great  of  a  distribiitiou  of  the  infectiouK  material 


Fig.  10. -LjiNELLATEn  Tfirombiii. 


through  the  circulation.     Finally,  the  thrombus  may  be  replaced  by  a  new 
formation  of  vascular  couiiective  tissue,  itself  ilisappcariiig  by  autolysis 
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as  t  Ue  new  tissue  is  formed.  Tliis  is  called  "  orgauization  of  the  thrombus, " 
but  ill  reality  the  uew  counective  tissue  is  pixMluoed,  uot  from  the  celU 
of  the  thrombus  itself,  but  from  the  cells  of 
the  walls  of  the  affected  truuk,  from  whose 
vessels  the  new  blood-vessels  of  the  thrombus 
also  arise  (compare  page  104).  In  this  way 
the  vessel  may  be  completely  and  perma- 
nently occladed,  or,  more  nirely,  one  of  severa'i 
channels  may  be  established  through  the  uew 
connective- tissue  mass  (Pig.  11). 

Thrombi  iu  veins  may  leitd  to  hyi>enBniia 
and  redema;  in  arteries,  to  an  anipmia  whose 
significance  will  vary  greatly,  depending  upon 
the  situation  of  the  occluded  \esM*!l.' 

Agglutinative  Thrombi.* — The  recent  studies 
on  a^tutiuatiou  and  hiemolysis  (see  p.  IflO) 
have  led  to  the  belief  that  certain  thrombi  oc- 
curring in  infectious  dii^eases  as  well  as  under 
other  conditions  may  arise  from  the  develop- 
ment of  agglutinative  substances  in  the  blood.  tJ'°Hs  polnt  ofI^'Is^ox  oI^^ 
Under  the  action  of  these  substiinces  the  red     artkrv. 

blood  cells  may,  without  the  formation  of  J"''*,'"?'i"™°''^""T''''''!?" 
been  deuwhwi  from  u  point  abov* 
nbno,  clump  together,  leading  to  thrombosis,  ana  swppt nonR  tue  mood  currenc. 
Such  thrombi  arecalled  agglutinative  thrombi.  '^^  auTilI^'ejl^Lu^^™*™" 
Such  thrombi  have  been  repeatedly  observed 

in  typhoid  fever  and  other  infections.  In  such  masses  of  agglutinated 
red  blood  cells  the  individual  corpuscles 
may  not  be  seen,  the  whole  pivsenting 
a  hyaline  masis.  Thus  may  be  formed  a 
variety  of  the  so-called  hyaline  thrombi. 
Welch*  hiis  suggested  the  probability 
that  under  similar  conditions  leucocytes 
also  may  form  agglutiuati^'e  thi-ombi. 

Hyaline  Thrombi. — TJndei'  a  variety 

of  conditions,  but  esjxtcially  in  local  and 

Fig.  13.-FAT  EUBou  IN  THE  BLOOD  VKB-  gcncral  infections  and  in  intoxications, 

BiLs  or  THK  Lrsa.  there  is  present  iu  the  capillaries  and  in 

This  followed  bone  traoMire.  it       _     n       ■     -  i        -  i 

the  small  arteries  and  ^eius  a  homogene- 
ous, translucent,  nearly  colorless  material,  partially  or  wholly  blocking 
the  vessel-s.  This  hyaline  material,  whose  origin  is  still  in  doubt,  has  in 
some  instances  a  staining  reaction  similar  to  fibrin.  In  other  cases  hyaline 
thrombi  are  probably  special  forms  of  agglutinative  thrombi  (see  above). 


"  WeUh.  Hunley  Lecturu,  Medical  News,  October  leth.  1903,  p.  781. 
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BHBOLISK. 

Eiuboli»iii  is  the  Btopps^e  of  a  blood-vessel  by  the  arrest  in  its  liimeu 
of  Home  material  farrieU  along  in  the  circulating  blood.  The  la  w*  cau-i 
ing  tlie  stoppsige  is  CiUled  an  emMux  (Fig,  12).  This  nii^  be  composed 
of  a  great  vaiiety  of  substances.  The  most  common  emboli  are  d(.t  iclit  d 
portions  of  thrombi,  and  these  may  have  all  the  variety 
of  structure  which  thrombi  pi-eseiit.     Masses  of  bac-  /'^^ 

teria  or  other  parasites,  fragments  of  the  heart  valves  '     ~    \ 

and  of  tumors,  droplets  of  fat  from  the  medulla  of 
fractured  bones  (Fig.  13),  parenchyma  wlls,'  masses 
of  pigment,  hubbies  of  air,  etc.,  may  form  emboli. 
Embolism  is,  in  a  majority  of  eases,  confined  to  the 
arteries  and  to  the  branches  of  the  portal  vein. 

The  primary  effect  of  the  stoppage  of  an  arterial 
trunk  is,  of  course,  lai^ely  to  deprive  the  region  of 
the  body  to  vliich  its  branches  are  distributed  of  its 
normal  supply  of  blood.  If  the  branches  of  the  oc- 
cluded artery  form  anastomoses  with  other  arteries 
lieyond  the  i>oint  of  stoppage,  a  collateral  cirenlatiou 
may  lie  established  and  the  embolus  do  no  harm.  If, 
however,  the  occluded  vessel  be  a  so-csilled  tei-mifial 
tttiery — that  is,  one  whose  biunches  do  not  form  an- 
astomoses with  other  arteries — the  result  of  the  em- 
bolism is  quite  different.  When  a  terminal  artery 
is  occluded  by  an  embolus,  the  tissue  of  the  Jiffected 
region  usually  dies,  and  there  may  be  an  extravasa- 
tion of  blood  by  diapedesis,  leading  to  the  fonnatiou  of  a  dark-red, 
solidified  area,  called  »  htpmorrbafficin/aretion.'  The  area  of  infarction 
corresponds  to  the  region  supplied  with  blood  by  the  oeehided  vessel, 
and  is  usually  more  or  less  wedge-Bhai>ed  (Fig.  14). 

After  a  time  the  infaiction  becomes  decoloiized,  inflammatory'  changes 

'  Tlie  presence  of  llvcr-cell  emboli  iu  tbe  tuiig  cnpilluries  awl  it:  tlii'  heart  cluis  after 
traumatic  rupture  of  tlie  liver,  and  in  iafcctiuus  disettscs  involving  local  iiKTODts  of  the 
liver  haa  been  described  by  various  observers.  Emboli  believed  to  be  composed  largely 
of  placental  cells  or  of  cells  from  the  bono  marrow  ure  also  deseribed  uuder  various  con- 
ditions. Tbe  facts  reluting  to  tbis  subject  of  pHrencliyiUH-cell  em1>oll  and  its  alleged 
significance  may  be  found  summarized  bv  LuliaTKh,  FortscLritte  der  Medizin,  Bd.  xi.. 
pp.  805  and  845,  1893;  aud  bv  ^w-Aojf.'VircboWs  Arcbiv,  Bd,  cxxiiv.,  p.  11,  18B8. 
Consult  also  Warthin,  The  Mccfical  News,  September  15tb.  1900,  Bibl. 

'  When  an  cinboluB  loilges  in  a  terminal  artery,  and  the  circulation  in  tlie  territory 
supplied  by  its  branches  ceases,  the  pressure  from  the  side  of  the  artery  is  rv<luceil  to 
zero  but.  on  tbe  other  hand,  aecording  to  Cohnheiin.  the  venous  pressure  noir  makes 
Itself  felt  in  n  backward  direction,  and  tlie  capillaries  and  small  veins  in  the  affected 
region  become  crowded  with  blo(Hi.  This  blood  is  stagnant,  however,  and  the  walls  of 
the  small  vessels,  being  deprived  of  their  usual  nourishment,  undergo,  it  is  lielieved, 
dfl generative  ebanges  which  favor  the  occurrence  of  extensive  dlapedi'sis.  Thus  iu  the 
luemorrhagfc  infarction  not  only  tbe  blooil.  vessels,  but  tlie  extra  vascular  tissues  also, 
are  crowdeil  with  stagnant  blood.  The  researches  of  Lilten  make  it  seem  proliahle  that, 
in  most  eases,  the  liaek  pressure  In  the  region  of  iiifarrtion  comesi.  not  from  the  veins, 
or  not  from  tliem  alone,  but  from  adjacent  arterial  twigs  which  communicate  with  tbe 
capillaries  of  the  affected  region. 
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iHuy  i>ccur  iu  its  peripbeiy,  the  blood  aud  iuvohed  tissues  may  undergo 
(legfiivmtion  aud  be  absorbtnl,  and  finally  the  seat  of  the  infarction  uiay 
l)e  indicated  only  by  a  mass  of  cicatricial  tiasne,  which  fi-equently  con- 
tains  nioi-e  or  less  pigment. 

In  another  class  of  cases,  instead  of  au  extravaeatiou  of  blood  in  the 
aflecte^l  region  the  tissue  is  simply  deprived  of  nourishment  and  under- 
goi's  necrosis.  The  aflfected  area  is  then  usually  light  in  color  and  is 
called  a  irhite  infarction.  Inflammatory  changes  may  occur  in  its  periph- 
ery and  a  new  connective- tissue  capsule  fonn  around  it,  aud  the  dejwl 
uiass  may  thus  persist  for  some  time,  or  be  gradually  absorbed  aud  re- 
placed by  cicatricial  tissue.  The  scop©  of  this  book  does  not  permit  us 
to  consider  the  somewhat  complicated  and  often  obscure  reasons  why  in 
one  case  there  is  hipmorrhagic,  in  another  white  infarction,  as  a  result  of 
embolus. 

If  the  embolic  material  c^msists  of  or  contains  infectious  substances, 
such  as  some  forms  of  lyacteria,  in  addition  to  the  mechanical  effects 
of  simple  emboli,  we  may  haie  gangrene,  suppuration,  formation  of 
abscesses,  etc.,  as  the  n^sult  of  the  local  action  of  the  infectious  mate- 
rial, even  though  this  may  l>c  present  in  very  small  amount. 

The  organs  in  which  emtiolic  infarctions  most  frequently  occur  ai'e 
the  spleen,  kidney,  brain,  lungs;  less  frequently  the  heart,  retina,  liver, 
and  annill  iutestines.  Hiemorrhagit;  infarctions  are  uot  liable  to  occur  in 
the  liver  from  emboli  in  the  branches  of  the  i>ortal  vein,  on  account  of 
the  bl4H)d  supply  which  may  come  to  the  affected  region  through  the 
branches  of  the  hepatic  artery.  On  the  other  hand,  embolic  alMt^vttics 
from  infetrtious  emboli  are  of  not  infrequent  occurrence  here.  Hiemor- 
rhagic  infarctions  may  occur  exceptionally  in  regions  not  furuishtnl  with 
tenninal  arteries,  as  in  the  small  intestines. 

Cases  of  al>errant  embolism  are  recorded  in  which  venous  emboli  have 
passed  through  an  open  foramen  ovale  into  the  arterial  system. 

Retrograde  transportation  of  venoas  emboli  has  been  several  times 
recorded. ' 
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CHAPTER  II. 

ATBOFHT,   DEOBNEBATIOK,   FiaMBNTATION,   AND 
NSCB08I8. 

(Hneral  Considerations. 

There  are  three  phases  of  activity  in  the  traiisformations  of  energy 
which  are  characteristic  of  living  cells.  These  are  nntrition,  reproduc- 
tion, and  functional  activity.  But  while  these  manifestations  of  energy 
are  more  or  less  distinct  as  properties  of  living  matter,  they  are  closely 
interdependent.  It  is  the  suitable  balance  of  these  activities  fixed  by  a 
prolonged  environment  which  determines  what  we  call  health.  When 
this  balance  is  disturbed  beyond  the  limits  of  physiological  variation,  the 
alterations  which  result  may  be  manifest,  either  in  the  diminution  or  de- 
struction of  tissue,  or  in  its  increase  or  new  formation.  In  other  words, 
the  cells  of  the  body  when  placed  under  conditions  which  seriously  in- 
terfere with  the  orderly  transformations  of  energy  may  undergo  altera- 
tions from  the  normal  which  are  retrogressive  on  the  one  hand,  or  pro- 
gremve  on  the  other. 

It  is  well  to  remember  that  reti-ogressive  as  well  as  progressive 
changes  in  the  body  are  not  limited  to  pathological  conditions  but  form 
a  part  of  the  normal  processes  through  which  growth  is  secured  and 
function  maintained." 

We  shall  in  this  chapter  consider  the  retrogressive  processes  and  their 
effects;  In  the  next  those  which  are  progressive. 

Atrophy. 

Atrophy  is  a  diminution  in  the  size  of  the  body,  of  organs,  or  of  tissue 
elements.  It  occurs  as  a  physiological  process  in  man  as  well  as  in  cer- 
tain of  the  lower  animals.  Thus  in  man  the  thymus  and  the  umbilical 
vessels  undergo  atrophy  at  au  early  period ;  while  in  old  age  atrophy  of 
the  sexual  organs  and  of  the  tissues  in  general  is  the  usual  mark  of  senil- 
ity.' On  the  other  hand,  as  a  pathological  process,  atrophy  may  occur 
in  connection  with  disturbances  of  innervation  or  nutrition ;  from  disuse 
or  from  pressiire;  or  from  the  presence  of  poisons.  Although  it  is  con- 
venient to  name  these  as  pha-ses  of  atrophy,  they  are  not  fundamentally 

'  For  a  retiimi  of  the  relationsliip  between  normal  and  pathological  retroeresslve 

Kx*B8es  see  Minot.  Middlcton  Goldsmitb  Lecture  on  "Tlie  Embryo! ogical  Basis  of 
thologj,"  Scienre.  March  29th,  1901. 
'  For  a  Btudy  of  the  ehangea  in  tlie  body  In  development  anil  senility  see  the  mono- 
graph of  mhlm'um.  WieBbBden.  IWO,  Bibl. 
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distinct.  In  simple  atrophy,  under  -whatever  conditions  it  may  occur,  the 
tisKue  elements  become  smaller  without  marked  alterations  in  Btructure, 
and  may  finally  disappear  altogether.  Id  the  majority  of  cases,  how- 
ever, atrophy  of  cells  or  other  tissue  elements  is  not  simple  but  is  asso- 
ciated with,  and  often  determined  by,  various  phases  of  degeneration — 
degenerative  atrophy. 

Degeneration. 

AI3U1EIN0U8  DEQSNXItATION  (Cloudy  Swelling,  FarenchTmatoua  I>»- 
generation,  Aonte  Dageneration,  Oraunl&r  Deganerfttion). 

Under  a  variety  of  conditions  in  which  there  is  a  disturbance  of  tis- 
sue nutrition,  bnt  especially  often  in  infectious  diseases  and  in  intoxica- 
tions when  poisonous  substances  come  in  contact  with  the  tissues,  the 


•d  Id  tike  lantnit  lubuLe  abore. 

cells  of  the  body  sliow  an  accumnlation  in  the  cytoplasm  of  albuminous 
grannies,  of  various  sizes  and  forms.  This  is  a  type  of  cell  degeneration 
which  is  so  often  associated  with  infectious  diseases  aud  certain  phases 
of  inflammation,  that  it  is  sometimes  regiirded  as  a  part  of  the  iuflam- 
matory  process.  The  cells  in  this  condition  are  usually  swollen  aud  are 
more  opaque  than  normal,  the  nucleus  being  somewhat  concealed  in  the 
gi-anules  when  these  are  numerous  (Fig.  15).  The  albuminous  granules 
in  the  cells  are  soluble  iu  dilute  acetic  acid  but  not  in  ether,  being  thus 
distinguished  from  fat. 

While  all  the  cells  of  the  body  are  subject  to  this  phase  of  proto- 
plasmic degeneration,  it  is  most  pronounced  and  frequent  in  the  paren- 
chyma cells  of  the  liver  and  kidney,  in  muscle,  in  epithelial  cells  of  the 
mucous  membranes.  These  ai-e,  it  will  Iw  seen,  cells  in  which  metabolism 
is  active  and  the  exigencies  of  nutrition  are  imperative.  The  alterations  in 
the  ganglion  cells  of  the  central  nervous  system  iu  infections  diseases  and 
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ill  various  foruis  of  iiitoxicatiou  are  somewhat  different  fi'oiu  those  oc 
ciirriiig  ill  other  parenchyma  eeWa  and  will  be  described  iu  the  sectiou 
devoted  to  the  Brain  and  Spinal  Cord. 

Cells  in  a  condition  of  albuininoiiK  degeneration  may  return  to  their 
normal  state,  they  may  become  fatty  or  they  may  die,  become  necrotic 
and  disintegrate. 

The  liter,  kidney,  muscle,  mucous  membranes,  etc.,  when  in  this  con- 
dition, are  often  swollen  and  in  gross  appearanoe  more  opaque  and  gray 
than  when  normal. 

The  exact  chemical  nature  of  this  degenerative  process  is  obscure 
and  will  doubtless  remain  so  until  we  know  much  more  than  we  now 
do  of  cell  structure  and  cell  metabolism. 

Trchni4i;b. — The  microscopical  study  of  this  lesion  is  best  made  in  fresb  frozen 
soctioDS  of  the  tissue,  by  tlie  rapid  formalin  metliod,  |>age  53 ;  or  iu  fresb  tissue  teased 
iu  ODC' half- percent  salt  solution, 

TATTY  SBOBNBKATIOH  AND  FATTT  IHPILTBATION. 

It  is  customary  and  couveuieut  iu  considering  the  abnormal  accumu- 
lation of  fat  in  the  tissues  to  aosume  that  in  one  set  of  cases — fatty  de- 
generation— the  fat  is  formed  by  a  retrograde  metamorphosis  or  degen- 
eration of  the  proteid  elements  of  protoplasju,  a  process  by  which  the 
integrity  and  capacity  of  the  cell  are  compromised ;  while  in  the  other — 
fatty  infilti-atiou — it  may  be  due  to  a  simple  accumulation  in  the  cell  of 
fat  formed  elsewhere — a  condition  of  less  siguiticance. 

The  validity  of  this  assumption  has  of  late  been  called  in  question. 
It  involves  in  hirge  measure  tlie  solution  of  the  physiological  problem 
whether  nommlly  the  fat  in  the  body  is  fonned  from  proteids  or  from 
carbohydrates.  Concerning  this  many  experiments  and  much  argument 
have  been  made ' ;  but  it  appears  not  yet  to  be  solved.  The  traditional 
distinction  between  fatty  degeneration  and  fatty  infiltration  will  there- 
fore be  made  here,  with  such  modification  and  reseive  as  are  fitting  in 
view  of  our  lack  of  knowledge. 

Fatty  Uegesekation. 

Ill  fatty  degeneration  there  is  an  accumulation  of  larger  and  smaller 
droplets  of  fat  iu  the  cell,  sometimes  .10  slight  as  to  be  .scarcely  visible, 
sometimes  so  great  as  largely  to  replace  the  protoplasm,  crowding  the 
nucleus  to  one  side.  These  strongly  refractile  fat  droplets  are  not 
<'hanged  by  dilute  acetic  acid.  They  arc  soluble  in  ether,  and  when  fi-esh 
ai-e  stained  black  by  osmic  acid  (Fig.  Id).  Not  infrequently,  feathery 
clustei-s  of  delicate  fat  crj-stals  are  present  in  the  cells.  Cells  in  exces- 
site  fatty  degeneration  may  disintegrate,  forming  an  oily  detritus  in 
which,  especially  when  much  moisture  is  present,  cholesterin  crystals 
may  form  by  decomposition  of  the  fat. 

liis  question,  ac-e  T-iylor,  Aniericau  Journal  of  tlie  Med- 
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To  the  naked  eye,  organs  in  a  condition  of  marked  fatty  degeneration 
are  iisnally  lai^er  and  softer  than  normal,  have  a  grayish-yellow  color  or 
are  mottled  with  yellowish  streaks  or  i>at€bes,  and  the  normal  markings 
of  cut  surfaces  are  more  or  less  obscured. 

Fatty  d^eueration  may  be  associated  with  or  may  follow  albuminous 
d^eneratJon  and  may  occur  under  similar  general  conditions.     It  may 


be  due  to  local  or  general  disturbances  of  nutritiou,  from  a  great  variety 
of  causes— disturbances  which  either  directly  affect  the  life  processes  of 
the  cells  themselves,  or  which  piwluee  alterations  iu  their  nutritive  sup- 
ply. In  addition  to  its  local  occurrence,  as  a  result  of  local  disturbances 
of  cii-culation  in  the  vicinity  of  inflammations  or  in  tumors,  etc.,  it  is 
apt  to  occur  in  the  liver,  heart  muscle,  and  kidney  iu  chrouic  exbaustiug 
diseases  and  iu  conditions  and  diseases  to  which  profound  aniemia  is  in- 
cident, or  as  the  result  of  the  action  of  certain  poisons,  such  as  phos- 
phorus and  arsenic. 

Patty  Infiltration. 

This  is  of  common  occurrence  under  normal  as  well  as  pathological 
conditions.  The  fat  is  believed  to  originate  outside  of  the  cells,  accumu- 
lating in  them,  and  inducing  a  pass- 
ive atrophy  of  the  cytoplasm.  Cells 
in  a  condition  of  abuormat  fatty 
infiltration  are  scarcely  to  be  distiu- 
guished  morphol(^cally  from  those 
involved  in  fatty  degeneration.  The 
presence  in  the  cells  of  large  or  small 
droplets  of  fat  without  marks  of  de- 
generation in  the  remaiuing  proto- 
plasm has  beeu  regarded  as  distinct- 
ive of  infiltration  (Fig.  17). 

In  some  phases  of  fatty  infiltra- 
tiou,  as  iu  the  heart  (Fig.  232)  or  the 
pancreas,  for  example,  the  fat  accu- 
mulates in  the  cells  of  the  interstitial 


.V,  Google 


82  ATKUPHY,    UKtiEXEKATIOX,    PIGMENTATION,    AND   NECKOSIS. 

connective  tissue  in  a  manner  identical  witli  that  in  which  thf  nunual 
pauniculus  adiposus  is  I'onued.  The  heart  muscle  or  the  gland  cell»  are. 
ander  snch  conditions,  affected  secondarily  through  pressnre  atroithy 
from  the  accumulated  fat.'  It  should  be  remembered  that  fatty  intiltni- 
tion  and  fatty  degenei'ation  may  occur  simultaneously.  Wlien  fat  pm- 
dnction  or  fat  storage  is  largely  in  exce^  of  fat  consumption,  either  front 
local  or  genentl  causes,  the  condition  is  called  Itpomaloitis. 

I'ki'mnkjck. — Fatty  tis3uv»  may  be  leuacd  frosli  in  fuilt  eolutinii-.  or  tJivy  may  bi' 
Itank-iii'd  in  FIcnntilDg's  osniit-  acid  sdIuUcid  (sec  page  53)  in  preparation  for  M'ctioTiiiig 
Hunlening  in  Ortli's  Hiiid  aud  afterward  in  alcnliol  gives  good  results  IF  llii'  li-iiioii  lie 
(■xt<;nsivv.  Id  tissues  wliicli  liave  been  goakul  in  ali'Dliol  tlie  fut  is  uo  longer  jinivnt. 
its  former  Heat  being  indicated  by  clear  spaees  flllnl  with  the  imiunting  tnediiim.  Fut 
cryetatB.  Iiowever,  often  |H.'rsist  nri4,T  jiiulonged  soaking  in  uleobol, 

AmrijOIS  BEaENEBATIOtT  (Wtkzy  or  Lardac«oua  De^neration). 

This  is  a  process  by  which  the  basement  substance  of  \-arions  forms 
of  connectne  tissue,  and  especially  the  walls  of  the  blood-vessels,  l>e- 
come  swollen  and  thickcnefl  by  their  conversion  into  a  translucent,  firm, 
glassy,  colorless  material,  albiuninoiLs 
in  character.     This  albuminous  ma- 
terial may  be  present  in  the  tissues  in 
such  small  amount  as  to  be  i-ccogniz- 
able   only  under  the  mici-08coi>e,  or 
it  may  be  so  abundant  as  to  give  a 
I    very  characteristic  appearance  to  the 
tissue.     Parts  in  which  the  lesiiui   is 
marke<l  are  usually  larger  and  contain 
less  blood  and  feel  harder  than  nor- 
mal, and  have  a  peculiai'  shining  and 
translucent  appearance  which  \aries 
iu  character,  depending  ni>ou  the  ex- 
tent and  distribution  of  the  degener- 
ated ai-eas  and  upon   its  association 
with    other    lesions,    such    as    fatty 
degeneration.      It    most     fi-equently 
Fio,  is.-AMvi.orn  DvcKSfBAiinN  of  ^*pii-  (,(.(.,,1,^  jn   jhe   Smaller  arteries    and 
,    ,     ,   „  .     „    capillaries  (Fig.  IS),  whose  lumen  is 

urkt.  cncroiiched  upon   by   the  thickening 

of  the  walls  which  the  proccfw  in- 
volves. It  is  usually  the  media  juid  iiitennediarj'  layers  of  the  intinia 
which  arc  earliest  and  most  extensively  nffectc<l.  The  change  also  often 
o<-curs  in  the  interstitial  connective  tissue  and  membraiiic  propriee  of 
organs  and  in  reticular  connective  tis.sue.  It  is  both  iisserteil  and  denial 
that  it  may  affect  the  parciuJiyma  cells  of  organs.  AVe  have  not  l>een 
able  to  find  unmistakable  ciidence  of  its  occurrence  iu  parenchyma 
'  For  a  study  of  the  lieposilion  of  fat  in  cellH,  see  AriiM,  Vircb.  Arch..  Bii.  16S,  ]• 
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cells.  These,  however,  fre<meiitly  uiidei^o  atrophy  an  the  i-esult  of 
pressure  from  the  swollen,  (iegeiierate<l  tissue. 

It  is  not  yet  kuowii  whether  niuyloid  degeneration  is  due  to  n  direct 
transformation  of  the  tiwue.  or  is  an  infiltration  of  the  tissue  by  some 
abnormal  material  formed  elsewhere  and  brought  to  it,  orisderive<l  fi-ont 
the  blood. 

Amyloid  degenei'ation  occurs  most  frequently  and  nbundantly  iu 
the  liver,  spleen,  kidneys,  intestinal  canal,  and  lymph  nodes;  but  it  may 
occur,  usually  in  a  less  marked  degree,  in  other  parts  of  the  bwly:  in 
the  larger  blood-vessels,  in  the  interstitial  tissue  of  the  heart  and  mucous 
membranes  of  the  air  passages,  and  in  the  generative  oi^.ins.  It  may 
occur  locally  or  appear  in  vaiioiw  parts  of  the  body  at  once.  It  most 
frequently  occurs  in  connection  with  severe  wasting  diseiises,  paHicii- 
larlyin  those  involving  chronic  suppuration  and  nlcei-ation,  especially  of 
the  bones.  It  is  common  in  tuberculosis,  syphilis,  in  the  cachectic  con- 
dition induced  by  malignant  tumors,  and  is  occasionally  seen  in  se^'ere 
malarial  infection,  dj'sentery,  and  leukiemia.' 

TECHKiqFE. — For  tnicmxcopical  cxaminiitioii  tlic  tissue,  eillier  trcsli  or  after  jircs- 
ervutiou.  slioiilil  be  cul  iiilo  tliin  si-ctioafi.  anil  these  deeply  xtaiued  with  oni'-]H'r-i'eut 
aqueous  soUition  of  nietliyl  violet:  tlie  sections  arc  waslied  in  water  and  inounl<iI  Id 
glycerin.  The  differenliation  between  the  amyloid  am)  other  part4  is  more  distiuei  if, 
after slainiDg.  the  aptvinien  be  liippiil  furan  instant  iit  KCl  ami  alcoliol  1;  100.  and  tlii'n 
carefully  rinaed.  before  mounting  In  glyeeriu.  The  ile^nereleO  areas  arc  thus  staiiii'<l 
roee-red  (Fig.  18),  while  the  normal  tissue  elemenlalutve  a  bluish-violet  color.  Id  Hi>i:ie 
cases,  for  reasons  which  we  do  not  know,  tile  amyloid  sutmlnnce  d<M'S  it«t  show  a  well- 
marked  reaction  with  methyl  violet.  For  the  de- 
tection of  amyloid  iu  fresh  tissues  by  the  iodine 
reaction  see  p.  28. 


Corpora  Amylacea  are  small,  spheroidal, 
bomt^eueons  or  lamellated  bodies  (Fig. 
1!)),  which  iissume  a  bluish  color  ou  treiit- 
ment  with  solution  of  iodine  or  io<line  and 
sulphuric  acid.  Tliey  are  fretjuently  found 
in  the  acini  of  the  prostate  gland,  some- 
times in  large  numbei-s;  in  the  opendyma  p|,,  19 _cni,pi,R,i  amviacka 
of  the  brain  and  cord;   also  in  extrava-^i-  Fmniprostau-KiBnii. 

tions  of  blood  and  in  various  other  situa- 
tions. They  may  occur  under  normal  as  well  sis  pnthological  conditions, 
and  are  apparently  of  little  importance.  They  seem  to  have  nothing  to 
do  with  amyloid  degeneration,  although  they  somewhat  resemble  its 
products.  Some  of  the  tube  Citsts  of  the  kidney  resemble  in  many 
respects  the  eor^tom  amylacea.' 

'  .\n  extende<l  sludv  of  amyluid  degeneration  may  be  found  in  11  iiionogmiih  by 
Wichmiiiin.  Ziegler's  Btitrflge,  lid.  13,  p.  4ST.  IHWi. 

.\  later  hibliography  with  a  summary  of  e.vpcrimeiits  on  the  production  of  amyloid 
degeneration  in  animals  will  be  found  in  an  urllcle  by  Miiiiiiiuir,  Virch.  Arcli,,  ltd.  cliii., 
p.  858,  1«98. 

'For  a  study  of  the  relationship  of  cor]Mim  nmvlaciM  to  umvloid  suljstauci's,  we 
OphuU,  Jimr.  Exp.  Med,,  vol.  v.,  p.  IU,  19(H),  llihl. 
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GLTOOaXK  IHTILTKATION. 

Glycogen  appears  under  abnormal  conditions  in  the  cells  as  hyalin, 

mostly  globular  masses  of  varying  size  (Fig.  20).     It  is  soluble  in  water, 

^_„^  is  stained  brownish-red   by  iodine,   and 

/      ^  /''"''''^  "^oes  not  assume  a  greenish  color  by  the 

(      j^  J  fnrther  addition  of  snlpburic   acid.     lu 

\:,  ^^  ^       ^j'  diabetes  it  may  occur  in  large  quantities 

^-^■'"^■^  ^^^Z"       N^     in   the  liver  cells  and  in  the  epithelial 

\        f  1    cells  of  the  uriuiferous  tubules,  especially 

L^rf^         V,         /     ill  **><>*  **f  Henle's  loop  {Fig.  331)  and 

v«.iii£^  ^w**^      in  leucocytes.     It  may  be  found  in  fresh 

PIG.  so-GLTcoa^N^iNnLTRATioN-En.  p^g  (,g,]g   j^  jjjg  ggi]g  ^f  vaHOUS  fonns  of 

Ti>esiy^nd«!!iI7i«uine.t.       t"u«>re,  and  in  leucocytes  in  the  blood  in 

leukiemia,    in    chronic    diseases    of    the 

gastro- intestinal  tract  in  children,  and  in  various  chronic  diseases. 

TecHNiiiUE. — It  the  tissue  to  be  examined  for  glycogen  be  freah.  the  iodine  should 
be  used  in  solution  in  glycerin  {equal  parts  of  Lugol's  Bolution  and  glycerin),  in  order 
to  aroid  its  solution.  If  specimens  arc  to  be  hardened,  this  should  I>e  done  in  absolute 
alcohol  to  avoid  the  solution  of  the  glycogen.  Sections  may  be  stained  witli  piero-acid 
fuchain  (Van  Gieson's  stain)  or  with  a  dilute  solution  of  iodine  in  alcohol  (tincture 
iodine  1  part,  absolute  alcohol  4  parts),  cleared  up  and  studied  in  oil  of  origanum. 

SXBOtTS   INFILTBATIOK   OF    CELLS   (Hydropic   DegrMwr&tton, 
Vacuolization). 

TTnder  many  pathological  condition,s,  cells,  especially  those  of  mucous 
membranes,  glands,  muscles,  tumors,  etc.,  contain  one  or  more  larger  or 
smaller  droplets  of  clear  fluid  (Fig.  21 ).     The  cell  may  thus  be  distended. 


These  droplets  arc  usually  extra-nuclear  and  may  crowd  the  nucleus  to 
one  side  of  the  cell.  The  nature  and  source  of  this  accumulated  fluid  are 
not  known.  Its  transparent  appearance  in  the  granular  protoplasm  has 
given  ri.se  to  the  term  "vacuole."  It  may  1«>  associated  with  general 
tissue  (sdema,  with  inflammatory  and  degenerative  processes,  etc. 
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KXrOOUS  DSGBNEKATION. 

Mucons  degeneration  may  oceur  in  cells  or  in  intercellular  substance. 
When  occurring  in  cells  it  consists,  uuder  i>athological  as  under  normal 
couditions,  of  the  transformation  of  the  protoplasm  into  a  translucent, 
semi-tluid  material,  occupying  more  space  than  the  unaltered  protoplasm, 
and  hence  causing  a  swelling  of  the  cells  (Fig.  22).  This  uew-fonned 
material  contains  mucin  in  solution,  which  is  precipitated  by  acetic  acid. 
It  occurs  under  a  variety  of  conditions,  sometimes  as  an  abnormal  iu- 
crease  of  a  normal  function  of  cells,  as  in  many  catarrhs,  sometimes  as 
an  entirely  abnormal  transformation.  The  cells  may  be  totally  destroyed 
by  the  accumulation  of  the  mocoid  material  within  them. 

In  certain  cases,  as  in  many  tumors,  in  cartilage,  bone,  and  other  tis- 
sues, the  intercellular  substance  may  undergo  conversion  into  mncin-con- 


Fin.  23.— » CCOl't)  OlOENEBtTlON  OF  PlBROrS  TIBBUE  OF  MAUIA. 

taiuing  material,  losing  almost  entirely  its  original  structure  (Fig.  23). 
The  cells  in  such  cases  may  be  affected  only  secondarily  by  the  pressure 
which  the  new-formed  material  exerts  upon  them. 

Techniqi-e.— Tissues  sliould  be  liardeneij  in  Ortli's  fluid  or  formalin,  followed  by 
alcohol;  the  sectious  are  stained  with  picro-acid  fuchsin  or  with  htematoxyliD,  which 
colors  the  muciD-cODtaining  porliona. 

COLLOID  DEOBNXSATIOH. 

This  is  very  closely  allied,  both  in  chemical  and  morphological  char- 
acters, to  mucous  degeneration,  and  in  many  eases  there  is  no  definite 
microscopic  distinction  between  them.  But  colloid  material,  which  is 
normally  present  in  the  thyroid,  is  firmer  and  more  consistent  than  mu- 
cous, does  not  yield  a  precipitate  on  addition  of  acetic  acid  or  alcohol, 
and  its  formation  is  usually  confined  to  cells;  not  involving  intercellular 
substance,  except  by  an  atrophy  which  its  accumulation  sometimes  in- 
duces. The  cells  may  contain  larger  and  smaller  droplets  of  colloid  ma- 
terial, or  the  latter  may  nearly  or  entirely  replace  the  protoplasm  and 
accumulate  to  such  an  extent  as  to  cause  rupture  and  destruction  of  the 
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cell,  lu  this  way,  aud  by  the  atrophy  of  intercellular  substance  which 
it«  accumulation  causes,  eyst.s  may  be  formed  coataining  colloid  material 
and  cell  detritus.  Colloid  degeneration  is  of  most  frequent  occurrence  in 
the  thyixtid  gland.  A  material  resembling,  if  not  identical  with,  colloid 
i»  occasionally  seen  iu  the  form  of  honn^reueoiis  globules  in  the  tubules  of 
kidneys  which  are  the  seat  of  other  lesions,  in  the  hypophysis,  aud  in 
various  tumors. 

Techskji'e. — TisBiieB  should  l>e  imnlenefi  in  tomialin,  or  Orlli'a  fluid,  and  stained 
with  piero-acid  fiichaia. 

HTALINE  DEQSITEBATION. 

This  is  the  transformation  of  tissues  into  a  transparent,  glassy  sub- 
stance, much  resembling  amyloid  in  its  morphological  characters  (Fig, 
24) ;  bat  it  does  not  give  the  micro-chemical  reactions  of  amyloid,  aud 
appeiu-s  under  diflfereut  condi- 
tions. Hyaline  substance  is  re- 
sistant totheaction  of  acids,  mid 
stains  readily  with  acid  fuchsin 
aud  eosin.  It  occurs  especially 
in  the  walls  of  the  smaller  blood- 
vessels iu  various  parts  of  tlie 
body,  iu  voluutarj-  muscle  fibres, 
and  is  said  sometimes  to  in- 
volve interstitial  tissue.  It  has 
been  described  a«  occurring  in 

Fl...  ai.    -HTAMNB    OMiKSKRATlON     IN    THE     WALLS     OF     tljg       J„.j^i„         lymph        UOdeS,        ttOd 

From ■  sarroma  ovaMes;   in    the  tubuU'S  of  th:- 

kicbiey,  in  the  walls  of  aneur- 
isms, in  muscle  fibres,  in  the  lesions  of  diphtheria,  tuberculosis,  aud 
syphilis,  in  the  hyaloid  membrane  and  vessels  of  the  eye,  and  elsewhere. 
It  is  belie\'ed  by  some  olwervei-s  that  fibrin,  btood  plates,  and  leucocytes 
may  undergo  hyaline  degeneration,  and  in  the  form  of  the  so-called  hyaline 
thrombi  tliis  substance  may  block  the  csipillaries  in  many  infections  dis- 
fiiws— typhoid  fever,  pneumonia,  diphtheria,  pya>niia,  etc. — and  under 
<)thrr  conditions  (see  p.  75).  Hyaline  degenei'ation  HeeuLt  to  be,  in  .some 
wa\s,  allied  to  coagulation  neci-osis,  but  its  exact  significance  and  rela- 
liiiii.<  to  other  forms  of  degeneration,  and  the  conditions  of  its  occurrence, 
are  n<)t  yet  known.  There  are  in-obably  various  substances,  occurring 
under  many  different  conditions,  which  we  now  civil  hyalin  and  whose 
relationship  to  each  other  and  to  amyloid,  luncoid.  and  colloid  material 
is  little  understooil.' 

s  fliiirl,  iir  formalin.     Siaiiiiiig  by  picn> 


'  (loiiHult  for  bibliography  of  stiidii's  mi  liyiilinf  ili'|^' 
"Ergebnisse  dcr  allg.   path.  Mcrpholiigie  iind  Physiologic 
mm,  ]>.  301. 
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CALCASBOUB   INT'll.T&ATIOH. 

There  is  in  this  OMiiditioii  ii  deposition,  either  in  cell«  or  in  the  inter- 
cellular siilwlainf,  of  larger  and  smaller  granule**  coniposeil  chiefly  of 
phosphate  aud  carbonate  of  ealeium.  These  particles,  when  abuudaut, 
give  hardness,  britlleness,  and  a  whitish  appearance  to  the  affected  tis- 
sue. Under  the  microscope  they  appear  dark  by  trausmitteil,  whit?  aud 
glisteniug  by  reflected,  light.  Tissues  may  be  nearly  completely  per- 
meated with  salts,  or  the  latter  may  be  scattered  in  patches  through 
them.  Sometimes  large  lamellated  couci'etions  are  formed  in  tissues, 
usually  at  the  seat  of  some  old  inflammator)'  proce.sw.  Oalcificatiou  usu- 
ally occurs  iu  parts  of  tissues  which  are  dead  or  are  iu  a  condition  of 
reilucetl  vitality  as  a  result  of  some  antecedent  abnormal  proce-ss,  as  a  rule 
of  an  inflammatorj'  nature.  ■  Among  the  most  common  ami  important 
examples  of  calcareous  degeneration  may  be  mentioned  those  which  occur 
iu  the  valves  of  the  heart  and  walls  of  the  blood-vessels.' 

TECHKitjrK. — The  mrlvonare  nf  lime  depusittcl  in  llie  ti(i8iK«  in  (li!Hi)lved  by  dilute 
ttciiis  with  evolution  of  carlKiDic  acid  gas.  This  process  may  be  observed  under  the 
niicro»c-"pe  by  running  flve-per-cent,  hyilrocbloric  acid  under  the  (-over  glaw  upon 
uDs1uini-<l  sections:  the  gas  bubbles  are  caught  as  tliey  evolvi>  benenth  the  cover. 

Pigmentation. 

There  is  under  oormal  conditions  a  certain  amount  of  pigment  iu  the 
body— iu  the  rete  Malpighi  of  the  skiu,  in  the  eye,  in  muscle,  and  iu 
fat.  This  pigment  is  elaborated  by  the  body  cells  and  may  varj-  cousid- 
enibly  in  amount. 

The  pigment  which  is  formed  under  pathological  conditions  may  l)e 
derived  from  the  blood — hamatogenou» ;  from  the  bile — hepatoffenous ;  or 
it  may  lie  elaborated  by  various  cells  after  the  analogy  of  the  uormal 
pigment — metnbolic.  Finally,  pigment  may  be  introduced  into  the  body 
from  witlKHit  by  drugs,  in  tattooing,  or  by  inhalation.  The  pigment  iu 
the  body,  of  whatever  origin,  may  be  in  yellow,  brown,  black,  or  reddish 
granules,  or  in  crystalline  form.  Itis  often  deposited  in  cells,  but  may 
lie  free  in  the  intercellular  substance, 

H^M.^TtMJEN'ot'H  PioMENT. — Blood  pigment  may  form  by  the  decom- 
position of  luemoglobin  in  thrombi  or  in  extraviiaated  blood.  Under 
th<-s('  conditions,  the  hiemoglobin  which  i»  loosely  associates!  with  the 
pliVJUi  of  the  red  blo<xl  cells,  readily  diffuses,  leaving  the  i-ells — so-called 
"blood  shadows"— pale  and  almost  invisible  and  prone  to  disintegi-ate. 
This  destrtiction  of  bloo<1  cells  is  called  htrmolffniit,  Ilicmoglobin  in  solti- 
tion  in  the  tHHiy  fluids  undei^c<x^s  ^-a^ious  phases  of  decomposition  which 
we  cann<if  follow  in  detail  here.  One  of  the  derivatives  of  the  hieino- 
globin  is  calleil  haemoMderin.     This  pigment  gi\cs  the  micro-chemical  re- 

'  Calcidi  arc  miilsws  of  solid  inateriul  of  vk 
boiiy  fluids  Tliey  nlll  be  eonsiilered  unilei' 
frequently  occur. 
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action  for  irou,'  while  certain  further  decomposition  products,  liti-ma- 
toidin,  for  example,  iu  amorphous  or  crystalline  form,  do  not.  Red  blood 
corpuscles  may  be  taken  np  by  various  forms  of  phagocytes,  and  within 
these  cells  the  decomposition  of  the  hiemoglobin  may  lead  to  their  pig- 
meutatioD.  On  the  other  hand,  hsemolysis  may  take  place  in  the  circu- 
lating blood  in  many  forms  of  poisoning,  in  acute  infections,  notably  iu 
malaria,  in  pernicious  aniemia,  in  various  cachexiie,  etc.  The  hiemo- 
globin  thus  set  fi-ee  in  the  body  fluids  may  be  eliminated  or  it  may  un- 
dergo decomposition,  and  its  derivatives  may  be  deposited  in  the  tissues 
as  pigment  granules. 


PlOUENT  IN  COI(VF<TTITI-TlS«DF  CKLLB. 

A  eonditiou  called  htmnoehromatosis  has  been  de'*cril>ed,  m  which  a 
brown  pigment  probably  derived  from  the  hremoglobin  of  the  blood  is 
deposited  iu  various  tissues  of  the  bodj  The  organs  in  this  condition 
may  appear  notably  pigmented  on  gross  examiuation  The  pigment 
particles  which  are  found  iu  the  epithelial  cells  of  glands,  especially  of 
the  liver  and  pancreas,  contain  iron ;  while  an  iron-free  pigment  may  lie 
present  in  the  smooth  muscle  cells  of  the  gastro- intestinal  canal  and  of 
the  blood  and  lymph  vessels,  and  iu  connective-tissue  cells.  This  pig- 
mentation is  commonly  associated  with  cirrhosis  of  the  liver.  Hiemo- 
chromatosis  may  be  associated  with  diabetes  mellitus  and  cirrhosis  of  the 
liver,  together  with  pigmentation  of  the  8kin^"bronze  skin."  The  con- 
ditions leading  to  htemochromatosis  are  still  obscure.' 

Hepatogenous  Pigment, — Pigmentation  of  tissues  from  the  bile 
occurs  under  various  conditions.  The  bile  may  enter  the  blood  and  tis- 
sue fluids  in  obstruction  of  the  gall  ducts  by  iuflanmmtion,  tumoi-s,  cal- 
culi, etc.  In  the  condition  called  jaundiea  or  icterus  the  tissues  are 
stained  yellowish  or  yellowish-green  by  bile  pigment.  Icterus  may  also 
occur  in  infectious  diseases  and  iu  toxiemia,  under  conditions  which  lead 
to  destruction  of  red  blood  cells  within  the  vessels.     Bile  pigment  may 

'To  (ilflerentiflte  irnu  conlaininR  pigment  in  (issues,  sectiona  may  be  placci)  fnrnn 
hour  in  a  mixture  consisting  o(  cqutil  parts  of  a  two-per  cent  aolutioa  of  potassium  fev- 
rocyanide  anil  Iwo-per-cent  solution  of  liydrocliloric  acid  diluted  with  ninety -nine  parts 
of  water.     Tlieiron-eoniaiaiug  granules  under  these  conditioos  t>ccome  green  or  bluish - 

'  For  a  careful  study  of  hiemochromatosis,  with  bibliography,  see  Opie,  Jour.  Exp, 
Mtd..  vol.  Iv.,  p.  279. 
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be  deposited  in  the  liver  and  elsewhere  in  the  form  of  yellow  or  brown 
gnuiales. 

Metabolic  Pigment. — Pigment  maybe  elaborated  by  various  forms 
of  cells  by  processes  apparently  somewhat  analogous  with  those  con- 
cerned in  normal  pigmentation.'  This  is  exemplified  in  melanotic 
tumors,  most  frequently  of  the  choroid  and  the  skin,  and  possibly  in  the 
bronze  skin  of  Addison's  disease. 

Pigment  whose  nature  is  not  verj'  clearly  defined  may  form  in  the 
smooth  muscle  tiiiisue  of  the  gastro- intestinal  walls,  iu  various  cachexiee, 
in  the  heart  muscle,  in  the  so-called  "  brown  atrophy,"  and,  under  certaiu 
condition.s,  in  the  liver. 

As  examples  of  pigment  introduced  into  the  body  from  without,  we 
may  mention  the  deposition  of  minute  particles  of  silver  from  the  inter- 
nal use  of  silver  salts — argyria;  the  coloring  of  the  skin  and  lymph 
glands  from  tattooing ;  and  especially  the  pigmentation  of  the  lungs  and 
bronchial  glauds  from  the  inhalation  of  coal  and  other  dust — ^neumono- 
koniotis  (Fig.  26).     This  is  universally  present  under  the  conditions  of 


Fio.  IB.— PinmNTiiioi 

From  iDbaled  ookl  duM— uiUmcoBli. 

indoor  life  which  modern  civilization  imposes.  Such  pigment  may  be 
brown  or  black,  and  is  usually  in  very  small  particles  within  cells  or  in 
the  intercellular  stroma. 

Necrosia. 

Necrosis  is  the  death  of  a  circumscribed  portion  of  tissue.  It  may 
be  the  result  of  insufficient  nutrition,  from  the  cutting  off  of  the  blood 
snpply;  or  it  may  depend  upon  the  action  of  destructive  chemical 
agents,  extreme  degrees  of  temi»erature,  certain  materials  produced  by 
the  life  processes  of  some  forms  of  bacteria;  or  it  may  lie  due  to  me- 
chanical injury,  Tlie  general  appearance  of  dea<l  tissues  \aries  greatly. 
In  some  cases  there  irt  a  simple  and  gradual  disintegration  and  softening 

'For  a  Btudy  of  the  nature  of  skin  pie 
Experimental  Sfedicine.  vol  1..  p.  3fll,  ISflfl 
Journal  of  Pbyaiology.  vol.  li.,  p.  2S1,  1899. 
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of  the  tissue,  resulting  in  a  mass  of  degenerated  cells  and  cell  detritu.s, 
with  more  or  less  fluid  and  ^-arious  chemical  tiubstaiiceis  arisiug  from  dt- 
compositiou.  The  softening  of  the  brain  iu  embolism  is  an  example  of 
simple  necrotic  softening.  Iu  some  cases  the  dead  tissues  merely  grad- 
ually dry  and  shrivel  and  become  hard  and  dark  colored. 

In  another  class  of  cases  the  dead  tissues  are  permeated  by  fluids 
which  may  be  dark  red  iu  color,  frem  the  solution  of  coloring  matter 
from  the  blood,  and  may  contain  bacteria  which  induce  putrefaction,  with 
the  production  of  gases  and  various  new  chemical  substances.  The  tissues 
become  swollen  and  granular,  and  disintegrate;  and  finally  the  whole 


may  fonu  a  mass  of  iri'cgular  granuhw,  with  fat  di-oplets,  tyrosin,  leucin, 
and  various  forms  of  crystals,  shreds  of  the  more  resistant  kiutls  of  tis- 
sue, and  bacteria. 

There  is  at  first  no  evident  morphological  difference  betweeu  dead 
cells  and  living  cells,  Bnt  very  soon  in  the  formei",  secondary  changes 
occur.  The  cytoplasm  Iwcoines  more  coai-sely  granular.  The  nucleus 
stains  less  deeply  or  not  at  all  with  hrematosylin  or  other  nuclear 
dyes  (Fig.  :i7),  owiug  to  the  disappearance  of  the  chromatin  which 
seems  to  dissolve  in  the  tissue  juices;  this  is  called  karyoli/ias.  Sgnie- 
times,  however,  the  chromatin  only  partially  disappears,  the  remainder 
breaking  up  into  irregular,  more  or  less  deeply  staining  granules.  This 
is  «»ll«l  karyorrhexiv.  Presently  the  cell  body  may  contain  fat  droplets, 
or  without  this  it  may  disintegrate. 

frANGREN'B, — When  death  of  a  considerable  mass  of  tissue  occurs,  and 
this  either  dri(w,  as  is  possible  on  the  surface  of  the  body,  or  is  associated 
with  pufrefiictioii  in  the  tissue,  the  condition  is  called  gangrene.  The 
involved  part,  when  on  the  snrfa<.'e  of  llie  body,  may  diy  and  become 
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Iiiinl  jiiid  biMwii  or  b]a<-k — mummijicatiim,  or  dry gimgifne.'  On  the  other 
hand  if  may,  when  putrefactive  bacteria  are  present,  in  ndditioii  to  its 
disooh)ration,  become  soft  and  infiltrated  with  fotil-MuellinggaseH — moinl 
gangieue.  If  (he  affected  part  be  comparatively  bloodless,  the  discolor- 
ation, which  is  lai^ely  due  (o  decomposition  of  the  blood  pigment,  may 
be  absent. 

Focal  Xecrosis. — Necrosis  involving  a  small  cireumscrit>ed  area  of 
tissue,  such  as  is  frequent  in  toxcetnia,  is  called /oco?  necrosis,  p.  201. 

Ti.cEKATios. — Necrosis  with  erosion  involving  the  surface  of  the 
skin  or  of  the  mucous  or  serous  membranes  is  called  an  ulcer.  An  ulcer 
may  be  necrotic  in  origin,  from  the  cutting  off  of  nutrition  in  a  circum- 
scribed .irea.  as  in  some  forms  of  gastric  ulcer.  This  may  be  associated 
with  reactive  inflammatorj-  processes  which  tend  to  promote  repair.  On 
the  other  hand,  the-process  may  be  inflammatory  in  origin,  death  of  tis- 
sue following. 

t'OAGULATloN  NtXROsis. — If  dead  areafi  of  tissue  ("whether  this  con- 
dition be  due  to  mechanical  injuri-,  to  disturbances  of  nutrition,  or  to 
the  local  action  of  bacterial  or  other  poisons)  contaiu  the  substances 
necessary  for  the  coagnlation  of  their  albuminous  constituents,  or  if  they 
1)6  bathed  with  body  fluids  from  adjacent  parts  in  which  the  circulation 
is  imuntained,  a  characteristic  coagulation 
C  of  the  necrotic  elements  is  apt  to  occur. 

:.  V  The  composition  of  the  cells  of  the  tissue 

■■.  ,'  ''  i**  altered,  so  that  the  cell  bodies  are  shin- 

ing and  translucent,  sometimes  altered  in 
shape;  while  the  chromatin  and  finally  the 
nuclei  of  the  cell  ilisivppear  (Fig.  28), 
Tlie  white  infarctions  of  the  spleen  and 
kidneys,  the  areas  of  coagnlation  necrosis 
in  tuberculosis,  and  the  pellicle  in  croupous 
'-  -^  ^  inflammation  of  the  mucous  membranes  are 

^         ,'  V  the  most  common  examples  of  this  lesion. 

■A'  '  y  If,  for  example,  in  the  spleen,  one  of 

*?^  ^7\  the  small  ai-teries  is  plugged  by  an  emt>olns, 

V"      -    \^        ^t~>  jj  corresponding  portion  of  the  spleen  l>e- 

■^  _  comes  auipmic   and  api>cai's  as   a   whit<', 

—  wedge-shaped  mass,  sharply  defined  from 

B08IM  i\  ^^^  surrounding  splenic  tissue.  If  such  a 
The  ai^iipenranre  of  the  cbramatin  ^'^ite  ihfarctioii  has  c-^isted  but  a  short 
fmmuienuriei  ig  inrti™i*d  by  their  tall-  time  there  is  hai-dly  any  difference  between 
un-»««in,™peciaiirn.»rkemniheui.-  j^^  appeaniuce  of  *  its  Jimitomical  elements 
and  those  of  the  surrounding  spleen,  ex- 
cept that  they  are  differently  affected  by  staining- fluids.  If  the  infan*- 
tion  is  older,  the  cells  are  small  and  shiny  and  their  nuclei  cannot  be 
seen. 

In  croupous  inflammations  of  mucous  membranes  the  epithelial  cells 
'  For  a  study  of  senile  gatigrene  see  Fallu,  Zeitsclir.  f.  Heilkiindi',  B<i.  xx.,  p.  393, 
18M.  Bibl. 
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become  Bhiuy,  the  nuclei  disappear,  aud  the  shape  of  the  cells  is  chauged 
by  tlie  coagulation  necrosis,  so  that  a 
number  of  tbem  together  often  look 
like  a  network  of  coagulated  fibrin. 

Chee»y  Degeneration  (Caseation). — 
As  commonly  used  this  term  embraces 
the  changes  in  the  tissues  which  we 
have  just  considered  under  the  more 
appropriate  name  of  coagulation  ne- 
crosis. But  it  is  also  applied  to  that 
form  of  degeneration  in  which,  under 
a  variety  of  conditions,  the  dead  tissue 
elements  lose  their   normal   structural 

features  and  l)ecome  converted  into  an  no.  ai.— an  akea  oy  cheg9t  degenera- 
irregularly  granular  albuminous  and  Ll^rH^'i^^""'"  ""  ^  """"  ^""^ 
fatty  material  (Fig.  29)  which  some- 
times tends  to  disintegrate  and  soften,  sometimes  dries  aud  becomes 
dense  and  firm,  or  may  become  infiltrated  with  salts  of  calcinm.  Thus 
cheesy  degeneration  may,  and  very  often  does,  occur  in  tissues  whidi 
are  in  the  condition  of  coagulation  necrosis;  but  it  also  occurs  in  tissues 
which  are  not  the  seat  of  coagulation  necrosis,  but  which,  for  a  variety 
of  reasons  and  in  a  variety  of  ways,  have  lost  their  vitality. 

The  terms  coagulation  necrosis  and  cheesy  degeneration,  as  com- 
monly used,  in  part  actually  cover  the  same  degeuerative  conditions  in 
the  tissues.  Both  are  indefinite,  aud  will  no  doubt  remaiu  so  until  we 
gain  a  more  precise  knowledge  of  the  conditions  under  which  they  occur. 

Fat  Necrosis. — This  is  a  degenerative  process  most  frequent  near 
the  pancreas,  and  especially  associated  with  lesion  of  that  organ.  We 
refer  for  details  to  the  special  section,  page  578. 

Fragments  of  dead  tissues  in  the  living  body  are  in  part  disx>osed  of 
by  leucocytes  or  other  mesoblastic  cells  which  are  attracted  to  them,  aud 
may  cause  their  solution  by  a  ferment  substance'  which  they  set  free  or 
by  the  incorporation  of  particles  of  the  dead  tissue  into  their  bodies. 
Thus  through  chemotaxis,  phagocytosis,  and  autolysis  (see  pages  111  and 
116)  considerable  masses  of  necrotic  tissue  may  he  finally  disposed  of 
(see  Fig.  4B). 

Becent  stndies  relating  to  the  adai)tation  of  the  body  to  variou.s  alien 
substances  have  led  to  new  conceptions  of  the  nature  of  the  processes  by 
which  the  body  frees  itself  of  nselc-^s  or  harmful  material  either  devel- 
oped within  it  or  introduced  from  without.  For  a  fuller  consideration 
of  these  processes  see  eylohjsis,  page  182. 

0  pathology  with 
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BEOENEBATION. 

Hypertrophy  and  Hyperplasia. 

TJsDBK  a  variety  of  conditions,  parts  of  the  body  or  or^ns  become 
larger  than  normal.  The  structnral  change  to  whichi  this  enlargement  is 
due,  may  be  a  simple  increaae  in  size  of  the  elemeutary  stractores  of  the 
part-cells,  and  other  tissue  elements.  This  is  called  simple  hypertrophy. 
It  is  osoally  associated  with  some  increased  fuuctional  demand  upon  the 
cells;  as,  for  example,  in  the  hypertniphy  of  the  heart  with  lesions  of 
the  valves,  or  in  the  hypertrophy  of  one  kidney,  which  in  case  of  dimi- 
untiou  or  suspension  of  function  in  the  other  assumes  the  work  of  both 
— compensatory  hypertrophy.' 

On  the  other  hand,  in  many  cases  the  increase  in  size  of  a  part  or 
oi^au  is  due  not  only,  or  not  at  all,  to  the  increase  in  size  of  its  elemen- 
tary structures,  but  to  an  increase  in  their  number.  This  increase  iu 
number  of  the  structnral  elements  of  a  tissue  or  oi^n  is  called  numer- 
ical hypertrophy,  or  hyperplasia.' 

Simple  hypertrophy  and  hyperplasia  are  frequently  associated. 

Metaplasia. 

The  members  of  the  connective-tissue  group — fibrous  tissue,  mucous 
and  fat  tissue,  cartilage,  bone,  etc. — are  so  closely  related  iu  nature  and 
structure  that  not  infrequently  and  under  a  variety  of  conditions  one 
form  of  tissue  assumes  the  characters  of  another.  This  change  of  one 
form  of  closely  related  tissue  into  another  is  called  metaplasia. 

Thus,  by  a  gradual  change  in  the  cells  and  stroma  of  fibrous  tissue, 
this  may  be  converted  into  bone,  as  mucous  tissue  may  become  fat  tis- 
sue, and  hyalin  cartilage  become  fibrous.  Metaplasia  is  a  process  in- 
volving active  changes  oh  the  part  of  the  living  cells  of  the  tissue,  and 
should  be  clearly  distinguished  from  certain  degenerative  processes,  in 
tbe  course  of  which  one  form  of  connective  ti.-isue  may  assume  super- 
ficial resemblances  to  others  of  the  group,  sis  in  calcareous  and  mucoid 
degeneration. 

While  metaplasia  is  most  common  among  the  members  of  the  con- 
nective-tissue group,  it  sometimes  occurs  in  other  tissues.     Thus,   for 

'  For  bibliography  of  compensatory  hyiierlropliy  see  rcft'renoi'  to  Atdinff.  p.  10«. 
'  Consult  for  examples  of  hypi-rplasik  auil  liypertropliy  tlie  foliowiog  sections  on 
RegeDeratiOD  aod  iDllatnmatioD. 
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example,  tlie  epithelium  of  the  nose,  brouchi,  iiriuarj-  passages,  t-ervii 
uteri,  aud  gall  bladder,  may  under  a  variety  of  couditions  assume  the 
ehara«tei's  of  squamous  epithelium  of  the  skiu  type.' 

It  should  be  remembered  that  metaplasia  occurs  only  withiu  the  limits 
of  closely  related  tissues :  when  differentiation  has  advauced  so  that  such 
distinct  types  of  tissue  have  been  formed  as  connective  tissue,  epithelium, 
muscle,  uer^e,  these  do  uot  agaiu  mei^  through  metaplasia. 

Begeneration. 

General  Considerations. — It  is  during  the  earlier  periods  of  life  that 
the  new  formation  of  cells  in  the  body  is  most  aetive.  From  the  fertil- 
ization of  the  o\'um  until  the  tissues  and  organs  have  assumed  the  varied 
forms  and  functions  which  the  physiological  division  of  labor  among  the 
cells  imposes,  cell  proliferation  and  cell  adaptation  to  a  changing  envi- 
ronment are  constant  and  important  features  of  individual  develupnieut. 
After  this  time,  under  normal  conditions,  new  cell  formation  is  large- 
ly limited  to  the  replacement  of  woni-out  c«lls  or  to  the  restitution  of 
such  cells  an  may  l>e  sacrificed  in  the  performance  of  Iheir  physiolt^icul 
functions. 

Tlic  sliidips  of  Biz7.ozero  liuve  showutliat,  tiotwltlistanflmg  the  great  ilivi'rsiiy  in 
the  cajiHcity  for  physiological  regcncratioD  among  tissues,  tliry  may  be  cniiveDieally 
groupiKl  into  tliree  ehissc's.  as  foll<)ws:  Fiml.  tisam.'S  whose  cells  are  capable  of  niultipli- 
oalion  tiiroiiglioiit  the  life  of  the  iadividiial  or  for  a  considerable  period  afler  maturity, 
and  so  lead  to  a  coutiuual  regeueration.  These  are  tissues  whoae  cells  are  labile  and 
evanescent.  lu  this  class  arc  Ihe  parenehynia  n'lls  of  those  glands  or  airuetiires  wlilcli 
produce  formed  elements,  such  as  the  splcea.  lymph-Dodcs,  boDC-mairow.  ovary,  tesli- 
cle.  Also  the  epithelium  of  the  skin  with  its  hair  follicles  and  sebaceoua  glands,  and  of 
the  mucous  membranes  of  the  respiratory,  digestive,  and  genito- urinary  organs.  Sc- 
and,  tissues  whose  eleuients  increase  by  division  up  to  the  time  of  birth,  or  sumellnies 
for  a  sliort  period  thereafter,  wIh'H  evidence  of  physiological  regeneration  ceases.  Thfe 
are  tissues  with  permanent  (i-lls.  In  this  class  are  the  parenchyma  cells  of  those  glands 
witich  secrete  fluid  material,  such  as  the  liver,  kidney,  pancreas,  salivary  glan>la.  ele. 
Also  n)cn)bcrs  of  the  eoune<'tive-lissue  group,  fibrous  tissue,  cartilage  and  bone,  and  the 
smoolli  muscle  fibres.  Thint,  striated  muscle  and  nerve  tissue.  In  these  lissiies.  divi- 
sion by  milAsis  eenses  at  an  i-arly  period  an<l  before  the  tissues  have  acquired  their  s]ie- 
cial  cliaractcrs.    Hen'  a  |>hyslological  regeneration  docs  not  occur. 

This  gn>u])ing  of  tissues  in  accordance  with  their  capacity  for  physiological  region- 
crution,' while  liable  to  modification  umler  further  researfli.  affords  a  suggestive  guide 
in  OUT  studies  of  regeneration  under  abnormal  con<litioDS.  For  l>eyond  tlie  regenerative 
capacity  nornially  exercised  by  cells  in  res|K>nsc  to  the  physiological  wear  and  tear  of 
life,  thi'y  me  freiiuently  iiilUil  ii])<)n  to  make  goiNl  unusual  losses,  as  the  result  of  many 
forms  of  injury. 

Regenei-.ition  of  injured  tissues,  all  new  growths,  as  well  as  the 
hyperplasias  abo\'e  mentioned,  are  iinariably  brought  about  by  prolifer- 
ation or  otlier  changes  in  living  cells.  Furthermore,  just  as  the  cells  of 
the  adult  organism  are  the  offspring  of  one  original  cell,  the  o\-iun,  so 
are  all  the  new  cells  which  apin'ar  in  the  body  under  abnormal  condi- 
tions derived  from  pre-existing  cells  by  division. 

laplasia  see  .Vf/ielrier  in  Bouchard's  " Train;  de  Path. 
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'Vi'e  shiill  uuw  briefly  siuiiiuarize  the  morphological  rhaoges  which 
cells  undergo  in  division  and  shall  then  indicate  the  degree  of  regener- 
ative capacity  wliieh  various  fomis  of  tissues  possess. 

MODES  OF  CXIiL   DIVIBION. 

The  careful  and  minute  Ktudy  of  cells  during  the  act  of  division, 
which  has  been  recently  made,  has  revealed  many  most  curious  phe- 
uomeua  and  hasopeued  a  new  world  of  observation  nearer  to  the  elemen- 
tary expression  of  life  than  haK  seemed  possible  in  earlier  timeK.  It  will 
suffice  for  onr  purjMtses  briefly  to  iudicittesomeof  the  more  striking  feat- 
ures of  the  new  cell  lore. 

It  is  well  to  recall  at  theontnet  that  lecent  studies  of  cells  have  sliown 
that  even  in  their  simplest  forms  they  are  highly  ot^nized,  and  that 
their  dilferent  parts  have  special  fuuctions  to  perform.  Thus  the  nucleus 
presides  over  the  constructive  metabolism  or  a-winiilative  process  of  the 
cell  and  furnishes  the  physical  basis  upon  which  the  transmission  of 
heretlitary  characters  depends.  The  c>'top]asm  of  the  boily,  on  the  other 
hand,  is  concerned  in  those  plia'tes  of  metabolism  which  result  in  the 
libei-ation  of  enet^y  in  movements  of  various  kinds  and  in  the  formation 
of  new  chemical  sut>stanees.  The  centrosome  also  in  certain  cells,  though 
not  apparently  in  all,  api)ears  to  play  an  important  part  in  the  changes 
incident  to  division. 

Two  modes  of  cell  division  are  commonly  wec^nized.  First,  indirect 
dimmon  (mitosis,  or  karyokinesis  ] ;  second,  direii  dirinion  (amitosis). 

iNDiEEtT  (Mitotic)  Cell  Division. 

This  is  the  most  common  mode  of  cell  di\'isiou  and  is  especially  char- 
acteristic of  embrjoiiic  cells  and  those  which  are  undergoing  active  de- 
\elopment.  While  it  presents  great  variations,  its  gtnieral  features  may 
be  thus  briefly  sunituarized : 

Among  the  earlier  changes  which  are  to  be  seen  in  a  cell  al>ont  to 
divide  by  mitosis  are  a  condensiition  and  an  iucreasc  in  the  staining  capac- 
ity of  the  chromatin  of  the  intranuclear  network.  This  chromatin  std)- 
stance  gathers  into  a  contorted  thread  or  threads,  called  the  iqiiremi-H 
(Fig.  'M,  2),  within  the  nucleus,  whose  membrane  with  the  nucleolus 
gra<Iually  disappears  so  that  tb«'  spireme  lies  free  in  the  cytoplasm ;  and 
at  the  same  time  with,  or  preceiling,  these  changes  in  the  nucleus,  theiv 
may  be  a  division  of  the  centrosome  when  this  is  present,  the  segments 
resnltii^  from  this  division  passing  to  opposite  parts  of  the  cell,  usually 
outside  the  limits  of  the  nucleus.  Around  each  of  the  new  centrosomes, 
which  stain  deeply  with  hiematosylin  or  other  inielear  dyes,  may  be  a  clear 
zone  of  unstained  material,  or  a  series  of  fine  radiating  fibrils,  or  both ; 
the  whole  forming  a  structure  called  n  polar  body  (Pig.  ;(U,  li  and  3). 

Now  the  threads  of  the  spii'eme  break  across  trans\ersel\',  forming  a 
series  of  more  or  less  rod-like  iKidies  callnl  chromosomcn,  which  form  a 
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somewhat  flattened  cluster  or  wreath  between  the  polar  bodies,  lyiug  in  a 
plane  at  a  right  angle  to  a  line  passing  between  the  latter.*  While  this 
mass  of  chromosomes — sometimes  called  the  mfmafier — has  a  stellar  or 
wreath-like  appearance  when  seen  from  the  side,  it  is  more  band-like 
when  viewed  in  profile  (Fig.  30,  3  and  4). 

Between  the  polar  bodies  und  across  the  monaster  there  may  now  be 
stretched  a  bridge  or  spindle  of  delicate  fibrils  resembling  those  about  the 
centrosome  in  the  polar  bodies. 

This  fibril -spindle,  together  with  the  polar  bodies,  is  called  the  achro- 


FiQ.  3U. -Phases  or  Mitosis. 

,  S.  Bpireme  pbisp:  ttae centrosome  has  divided,  tbe  polar bodr  \t  9wn  above:  tbe  nu- 
is  not  yel  disappi-arRd.  3.  Monaater  phue :  tbe  polar  bodies  bave  arranged  Ibemselves 
ite  murwuipr  bere  seen  (mm  Ihe  edsv.  t.  The  monaster  aeen  from  Uiv  aide.  5andn. 
<  rbromosome  cluatera  bave  »panil«d  and  the  acbniniHllc  Dfnire  Is  seen :  In  S  tbe  aefi- 
7.  Tbe  eompletlon  of  the  nuclear  dIrlBliin  and  eegmenuUlaD  of  till- 


viatic  figure  in  distinction  from  the  stracture  formed  from  the  chromatin 
which  stains  with  nnclear  dyes,  and  is  called  the  chromatic  figure. 

The  whole  complicated  structure  composed  of  both  the  chromatic  and 
achinmatic  substance  constitutes  the  mitotic  figure. 

Xow  each  chromosome  splits  lengthwise  into  exactly  equal  parts. 
These  parts  separate  into  groups  which  pass  to  the  polar  bodies  at  op- 
posite ends  of  the  spindle.  This  is  sometimes  calleil  the  dianier  pba«e  of 
mitasis  (Fig.  30,  5  and  6). 

Corre.sitonding  to  the  division  of  the  chromosomes  into  equal  parts, 
the  cell  body  divides,  each  part  containing  one  of  the  groups  of  daugh- 
ter chromosomes  or  diastcrs,  together  with  one  polar  body  and  a  part 
of  the  achromatic  spindle  (Fig.  30,  6),  Xow  a  new  nucleus  is  formed 
about  the  daughter  chromosomes  which  gradually  assume  the  characters 

'  It  is  believed  tliat  every  apccics  has  a  flsed  and  cliarsclfrisiic  number  of  cbromn- 
eomcs  in  the  dividing  cells,  and  llint  in  forms  arising  by  sexual  re  prod  net  iod  this  num- 
ber is  even.    In  niau  llie  number  is  Ijclieved  l>y  some  to  be  16,  by  otliers  32. 
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of  tbe  resting  iutrauuclear network  (Fig.  30,  7).  Tbe  achromatic  fibrils 
disappfar  from  tbe  new  eell,  wbile  the  oeutrosome  may  also  disappear  or 
may  take  its  place  iu  the  cytoplasm  beside  (be  uew  nucleus. 

There  are  couutleas  variations  and  details  in  the  minute  procesRcs  of 
mitotic  cell  division  and  much  interesting  conjecture  as  to  the  meaiiiug  of 
the  various  changes  in  mitosis,  which  the  scope  of  this  work  does  not 
permit  us  to  consider.  But  tbe  facts  already  at  baud  are  of  extreme  sig- 
nificance to  tbe  biologist  and  point  toward  large  fields  of  research  iu 
pathnlo^-  when  tbe  normal  processes  shall  have  been  more  clearly  and 
exbatistively  determined. 

Abnormal  Fhaaei  of  Kitoais  are  not  infrequent.  Thus  tbe  mitotic  fig- 
ures may  be  asymmetrical,  so  that  the  distribution  of  chromatin  sub- 
stance to  the  daughter  cells  may  be  unequal  (Fig,  31).  There  may  be 
multipolar  mitosis,  so  that  instead  of  two,  several  nuclei  may  form.  Or, 
the  new-formed  chromosome 
masses  may  fait  to  share  in  tJie 
formation  of  the  new  nuclei.  -«-_^ 

i^uch   abnormal   mitoses  are  /■  '"^^N. 

frequent  in  certain  tumors,  and  .  S^     -  SL^ 

they  may  be  experimentally  in-  ^E-  y^ 

duccil  by  tbe  application  of  vari- 
ous chemical  substances  to  lining 
cells.    Too  little  is  known  about  i_____ 
the  conditions  under  which  ab-  mmeieittripoiir. 

normal   mitoses  occur,  and  too 

little  about  the  nature  of  the  impnlse  to  cell  division  in  general,  to 
justify  to-day  far-reaebing  conclusions  as  to  the  signifieauce  of  these 
interesting  abnormalities  in  tbe  life  of  tbe  cell, 

Tbe  Significance  of  Mitoeia. — Tbe  term  viitom  or  kari/omitoais  is  applied 
to  th->i  indirect  m^nle  of  cell  division,  ou  account  of  tbe  involvement  of 
the  nuclear  threads.  It  is  also  sometimes  designated  as  latrgokinesui,  from 
the  form  clianges  which  these  threads  iindei^o.  Aside  from  its  intrinsic 
biological  interest,  a  knowledge  of  mitosis  in  proliferating  eel  Is  is  of  im- 
portance in  pathology,  because  tbe  recognition  of  mitotic  figures  often 
enables  us  to  decide  with  certainty  what  particular  cells  or  cell  groups 
are  involved  in  the  formation  of  new  tissue.  The  most  significant  feat- 
UJc,  however,  of  the  whole  process  of  mitosis,  with  all  its  intricate 
variations,  appears  to  be  that  the  chromosomes,  during  their  separation 
into  two  or  more  clusters  to  form  tbe  basis  of  new  cells,  undergo  an  exact 
longitudinal  division.  So  that,  under  normal  conditions,  no  matter  how 
unwjual  the  divi,«iou  of  the  cytoplasm  may  be,  all  of  the  new  nuclei  sfaare 
alike  in  the  chromatin  substance  of  the  parent  nucleus.  This  fact  ap- 
pears to  be  of  extreme  importance  in  the  recognition  of  a  physical  basis 
of  inheritance. ' 

'  Si*  reference  Ici  siininuiry  1)y  Wilsun.  \i\t.  273  rtiiil  273. 
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I>IREIT  (AMITOTIC)  CELL  DIVISION. 

In  this,  which  althongh  relatively  rare  appeiirK  tii  Ih-  llie  moat  siiiii>lc 
mode  of  cell  division,  without  those  preliminary  changes  iu  the  nucleus 
which  are  seen  in  mitotic  cell  division,  the  nueleu»  with  its  membrane 
becomes  constricted  and  finally  divides  into  two  or  more  parts  wliich  be- 
come new  nnclei.  At  tlie  same  time  or  following  tliifi  simple  iincleiir 
division  the  cell  body  divides,  and  thus  two  or  more  cells  may  form  in 
tlie  place  of  one.  Sometimes  the  unclear  division  is  not  followed  by  a 
division  of  tlio  cell  body,  and  thus  muHiimclear  cells,  or  "giuut  cflls" 
may  be  formed. 

The  signifiance  of  the  difference  between  the  amitotic  and  the  mitotie 
cell  dimion  is  that,  while  in  the  former  there  is  an  exactly  even  division 
(if  chromatin  to  the  daughter  nuclei,  the  division  in  the  latter  is  of  the 
unclear  mass  as  a  whole. 

Amitotic,  as  well  as  mitotic,  division  occurs  in  leucocytes,  in  some 
forms  of  epithelium,  and  in  pathological  new  formations.  While  the  na- 
ture of  the  process  is  little  understood,  there  appears  to  be  much  reason 
for  the  belief  that,  iu  general,  amitotic  division  is  "characteristic  of  highly 
specialized  or  degenerating  cells  in  which  development  is  approaching  its 
end. " ' 


It  should  be  borue  in  mind,  in  studying  the  regeneration  of  \'arious 
kinds  of  cells  and  tissues,  that  the  acquirement  by  certain  cells  of  si>eeiiil 
functional  powei-s  as  the  result  of  the  physiological  division  of  labor  has 
involved  the  impairment  of  some  of  their  more  primitive  geneml  capac- 
ities, among  these  that  of  reproduction.  Thus  it  is  that  Xve  find  in  the 
ganglion  cells  an  almost  total  lack  of  reproductive  capacity ;  while  in 
many  of  the  gland  cells  this  is  slight,  in  others  considerable.  In  st>me  of 
the  less  highly  differentiated  cells  of  the  body,  on  the  other  hand,  as  in 
certain  formsof  epithelium,  in  blood  cells,  and,  in  the  cells  of  the  con- 
nective tissue,  this  primitive  capacity  of  protoplasm  to  form  new  simi- 
lar cells  by  division  is  maintained,  and  may  be  evoketl  by  the  chan^d 
conditions  which  injury  or  loss  involves. 

Although  the  occurrence  of  mitosis  is  the  mark  by  wliieh  we  espe- 
cially recognize  the  regenerative  process  in  cells,  it  should  be  i"eniembefed 
that  mitosis  or  some  of  its  phases  may  occur  in  cells,  without  being  fol- 
lowed by  those  further  changes  which  lead  to  new  cells  or  new  tissues,' 

Vi'e  may  also  often  recognize  new-formed  cells  and  tissues  by  dififer- 

'  For  a  coniiirehcQSive  auiiitnary  of  facts  and  tlii.'orii.'S  ciinccraing  the  coll.  botli  in 
liighcr  and  lower  forms  of  lifp.  consult  Wil*a),'*  ntasturly  work.  "The  Cell  in  Devclop- 
iiK'Dt  ttnd  Jntipritaucc.''  1UV0. 

'One  isoftcD  disappoinled  in  seeking  for  mitotic  ttgtiros  to  Hnd  aufewof  llicni  even 
in  rapidly  growing  tisKiies  Thin  is  due  to  tiic  fact  tiiat  cell  division  even  wlien  active 
ia  not  continuous;  anil  periods  of  rest  may  follow  the  act  of  division.  See  Thnmn'i 
"TfXt  book  of  General  Rithology,"  Eiiglisli  Tr.  vol.  i,,  p.  4H1. 
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encefl  in  the  »bape  »ik1  cbaratter  uf  the  tylU  and  the  iirmiigeiiieut  of  th« 
tissue  eletneat-s,  thw*  often  upproat-liing  the  enibryiniic  type  in  forni  a» 
well  as  in  chararter  of  di-velopnient.  Furthermore,  the  atyi>ical  arranp;e- 
ment  often  seen  in  new-forme<l  eells,  both  in  regani  to  each  other  and  in 
their  association  with  older  tiissues,  may  aid  in  the  identification  of  the 
lorrnative  process. 

Individual  (vlls,  even  after  having  undergone  marked  structui'al 
changes— as,  for  example,  in  albuminoiu  degeneration — or  after  a  certain 
degree  of  physical  injur)',  may  l>e  restored  to  a  normal  (tuudition. 

After  destructive  injury  or  loss  a  full  and  complete  replacetnenl  of 
cells  and  tissues  "an  occur  only  as  the  result  of  a  proliferatiou  of  cells  of 
the  siime  ty|>e  tis  those  to  be  ivstored.  Thus  a  regeneration  of  epithe- 
lium occurs  by  proliferation  and  growth  of  epithelial  cells  alone ;  re^^'n- 
eratiou  of  muscle  by  muscle  cells,  etc.  In  fact,  however,  in  the  higher 
types  of  tissue,  after  considerable  injuries  with  loss  of  substance  or  after 
destructive  pathological  processes,  complete  regeneration  is  not  common. 
This,  as  ive  have  seen,  is  l>ecanse  the  highly  sgiecialized  cells  of  the  hotly 
are  limited  in  their  capacity  for  reproduction  closely  to  the  domain  of 
physiological  regeneration.  What  we  ordiiiarily  call  Itealing  in  exten- 
sive wounds  of  the  more  highly  specialized  tissues  is  usually  a  pi-oii- 
sioiuil  makeshift  re[>atr  by  means  of  new-formed  connective  tissue. 

We  have  seen  that  the  regenerative  capa<iity  in  the  cells  of  the  hunmn 
iKMly  is  most  marketl  in  the  less  highly  differentiated  tyjies  of  celK  and 
that  it  is  above  all  conueetlve  tissues,  bloml  vessels,  and  epithelium 
which  most  frequently  and  most  completely  undergo  i-egeneration.  These 
ai*  relatively  lowly  orgainzed  tissues  and  serve  for  the  maintenance  or 
prote<'tion  of  mortt  highly  s{)ecialized  tisanes,  and  with  them  regenem- 
tioD  may  be  complete  with  full  restoration  of  function.  But  although 
the  more  highly  ot^anized  tissues  in  man  tlo  uot  undergo  after  injury  any 
considei-able  regeneration,  they  are,  when  nninjured,  capable,  under  the 
stiniidiLs  of  inci'eased  functional  exercise,  of  compensatory  hypertrophy, 
so  that  the  Uws  to  the  organism  of  simitar  tissue  is  made  good,  thus  by 
the  structmiil  hypertrophy  and  increased  i>erfonnance  of  one  kidney 
after  the  removal  of  the  other. 

The  capacity  to  regenerate  lost  or  injni'e*!  parts  exists  to  a  certain  ex- 
tent in  all  animals  but  is  most  marked  among  the  lower  forms.  Thus  if 
an  anifeba  be  cut  in  two  so  as  to  leave  one  part  with  the  intjict  nucleus, 
this  part  lives  and  the  one-celled  orgaiusm  is  completely  restored.  The 
freah-water  hydra,  composed  of  many  cells,  may  repiiidH<'e  a  laige  )M»r- 
tion  of  the  organism  from  a  small  sevei'ed  fragment.  The  common  4>arth 
worm  can  reproduce  a  severed  head  or  tail,  I'rabs  mpriMliu-e  a  whole  li^ 
if  the  severance  hikes  place  at  a  particular  joiid.  Halaniandcrs,  snails, 
etc.,  can  reproduce  leg  and  tail.  It  is  further  noteworthy  in  this  connec- 
tion that  the  larvip  of  many  lower  fonns,  such  as  nijitiles  aud  insects, 
have  a  much  greater  CiipiKity  ft>r  the  reproduction  of  lost  parts  than  the 
same  species  have  when  in  the  adult  condition,' 

'CouBuh  Morgan,  " licgi'Derutiun,"  Columliia  Uuiveraity,  BbJ.  Sl'I.,  1901. 
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BEOSNEBATION  OF  BFEOIAX  TISSVES. 

K^:«iieratioii  of  the  Nerve  TiB«ne.— In  the  nervous  syHtem  we  find  no 
evidence  that  the  gaaglioii  cells  are  capable  of  reproduction.  Some  phases 
of  mitosis  are  occasioually  found  in  them,  although  they  do  uot  appear 
to  lead  to  proliferation.  But  if  the  essential  parts  of  the  ganglioD  cells, 
iQcludiog  the  nuclei,  be  intact,  a  restoration  may  occur  of  their  central 
as  well  as  their  peripheral  branches.  The  fibrous  and  the  neuroglia  tis- 
sue of  the  central  nervous  system,  on  the  other  hand,  may  luereaae,  and  in 
this  way,  even  with  considerable  loss  of  substance,  injuries  to  the  brain 
and  cord  may  undergo  a  sort  of  patchwork  repair. 

In  the  peripheral  ner\es  a  considerable  I'egeneration  of  fibres  may 
take  place  after  injurj',  when  the  corresponding  ganglion  cells  are  intact. 
This  restoration  may  be  effected  in  part  by  fibrous  tissue  which  bridges 
the  damaged  region  and  affords  guides  or  channels  along  which  the  axis 
cylinders  may  grow  ont  from  the  uninjured  central  segments,  finding 
their  way  to  their  endings,  as  in  embryonic  development  they  stretch 
into  the  tissues  far  from  the  ganglion  cells  in  which  they  originate.  The 
restitntion  is  possible  here  because  the  centre  of  nutrition  and  at  least  a 
limited  reparative  control  in  the  ganglion  cell  are  intact. 

Further  details  as  to  degenerations  and  regenerations  of  nerves  and 
nerve  tracts  may  be  found  in  the  chapter  devoted  to  The  Nervous 
System. 

Aegeneration  of  Mvaole  Tiasae. — Regeneration  of  gmoothnimeie  tissae 
after  injury  is  slight.  Mitosis  may  occur  in  the  cells  and  preliminary 
phases  of  division  of  the  body  have  been  described,  but  it  is  doubtful 
whether,  except  possibly  to  a  \ery  slight  extent,  new  cells  are  formed. 
Such  "healing  as  occurs  after  wounds  and  other  injuries  is  lai^ly  efl'e<'ted 
by  new -formed  fibrous  tissue. 

A  partial  regeneration  of  striated  muscle  occurs  after  various  form  of 
damage  and  losses  of  substance  There  mav  be  division  by  mitosis  iu 
the  s<ircolemma  nuclei  (Fig  32)  associated  vith  the  accumulation  near 
them  of  granular  ptotoplnHui,  which  becomes  striated,  either  in  attu  or 
as  independent  cells  At  the  mjui-ed  end  of  the  muscle  fibre  a  similar 
process  maj  occur,  so  that  these  damaged  fibres  maj  be  in  part  restored. 


The  nuclei  ot  Itw  iwnwloinma  have  prulltHSIed  and  are  surrounded  by  t  suiill  unouot  <i(  iion.atrial«<]  pro- 
Uiplasm. 

If  iis  the  result  of  the  injury  some  of  the  nucleated  protoplasm  escapes 
fi-oin  the  sarcolemina,  a  similar  development  of  striated  cells  and  cell 
masses  may  occur. 
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It  is  especially  in  certain  forms  of  degeneration  of  the  contractile 
substance,  after  typhoid  fever  for  example,  in  which  the  nuclei,  tlie  sar- 
colemma,  and  the  general  framework  of  the  tissue  are  aniujured,  that 
regeneration  of  striated-niiisole  fibres  is  most  complete,  Afler  injuries 
with  considerable  destruction  of  the  mnscle  tissue,  regeneration  is  apt  to 
be  insular  and  incomplete.  While  there  is  often  much  nncleur  divi- 
siou  and  often  the  formation  of  large  numbers  of  more  or  less  striated 
and  variously  shaped  cells,  these  are  apt  not  to  de^'elop  into  useful 
muscle  fibres  and  may  disappear  by  degeneration  and  absorption  or  by 
pressure  atrophy.  Here,  as  elsewhere  in  highly  oi^nized  tissues,  such 
restitution  as  is  possible  after  considerable  injury  is  achieved  by  fibrous 
tissue. 

It  is  interesting  to  note  that  such  regeneration  m*  does  occur  in 
striated  mnscle  is  not  initiated  by  the  highly  differentiated  contractile 
substance,  but  by  the  nuclei  and  small  residual  amount  of  undifTeren- 
tiated  protoplasm,  and  that  such  more  or  less  definitely  striated  cells  as 
arc  formed,  are  in  many  respects  similar  to  certain  forms  of  developing 
muscle  cells  in  the  embrj'o. 

Although  mitosis  and  nuclear  division  have  been  seen  in  the  muscle 
fibres  of  the  heart  after  injury,  there  is  no  evidence  that  new  muscle  can 
be  formed.     Repair,  which  is  not  iufret|uent,  i»  secured  by  fibrous  tissue. 

Regeneration  of  Epithelium.— Owing  to  continuous  she^lding  or  to 
functional  deatructiou  of  epithelium  of  the  skin  and  mucous  membranes 
and  certain  of  their  adnexa,  physiological  regeneration  by  mitosis  is 
common. 


Pia.  33.— REGENKRATIaN  O 
ie  tonirue.    At  Ihe  Lefl  \s  normal  eplthrliiim ;  ai  ^he  riglil  the  tblD  pellicle  ot  aev  fanned 


After  injuries  also  regeneration  of  epithelium  in  these  situations  oc- 
curs by  mitosis  and  may  be  extensive  and  complete.  The  new  epithelium 
always  forms  from  the  old,  and,  when  surfiKv  losses  are  to  be  made  good, 
extends  inward  from  the  edges  across  the  injured  aiea  after  a  Kuitabte 
substratiuu  has  been  formed  by  fibrous  tissue  and  blood-vessels  (Fig.  33  . 
The  new  epithelium  is  at  fii-st  atypical  in  form  and  arrangement  owing 
to  the  necessity  for  a  gradmil  adaptation  to  th<^  sustaining  and  as-sociated 
tissues.  Thus  the  epithelium,  which  at  first  presses  forwai-d  over  a  heal- 
ing wound  of  the  skin,  may  be  in  the  form  of  a  single  layer  or  a  thiu 
smooth  pellicle  without  the  usual  variations  in  size  and  shai>e  by  Mhich 
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it  is  later  characterized  wheu  tlie  papillfe  of  the  new  cutis  are  formed 
and  the  uew  cells  have  adjusted  themselves  to  these  aud  to  each  other. ' 
lu  stratified  epithelium  it  is  the  deeper  layers  from  which  the  uew 
cells  chiefly  arise,  WTiile  amitotic  diviaiou  has  beeu  observed  iu  the 
i-estitution  of  surface  epithelium,  this  occurs  iu  the  more  superficial  cells 
and  is  believed  not  to  be  concerned  iu  the  rcgenerati\e  process. 

Begeueration  of  gland  epithelium  after  injury  is  of  frequent  occur- 
rence, though  this  capacity  varies  considerably  in  different  glands.  Iu 
many  cases  it  ap|>ear8  to  be  by  a  proliferation  of  the  epithelium  IHiing 
the  smaller  excretory  ducts  that  the  restitntion  is  accomplished,  rather 
than  by  the  more  highly  differentiated  secreting  cells.  This  is  of  espe- 
cial interest  because  it  affords  an  excellent  example  of  the  rehearsing  under 
abnormal  conditions  and  for  reparative  ends  of  a  developmental  phase 
of  cell  life. 

In  the  liver  very  extensive  new  formation  of  liver  cells  may  occur 
after  experimental  removal  of  a  portion  of  the  organ.  In  the  thyroid 
gland  also  uew  gland  tissue  may  be  formed  after  injury.  In  the  kid- 
ney the  regenerative  capacity  of  the  epithelium  api)ear3  to  be  less 
marked,  though  proliferation  of  the  epithelium  of  the  collecting  tubes 
may  take  place.  But  in  all  these  cases  it  is  often  difficult  to  determine 
how  innch  of  the  increase  iu  parenchyma,  which  undoubtedly  may  occur, 
is  due  to  a  formation  of  new  gland  tissue  and  how  much  to  a  compensa- 
tory hyi)erti'ophy  of  the  old. 

\\'hile,  therefore,  it  is  true  that  after  injuries  to  the  glands  a  consider- 
able regeneration  of  epithelium  may  occur,  when  the  loss  of  substance 
is  extensixe  it  is  usually  rather  by  a  fibrous-tissue  repair  or  by  a  com- 
pensatory hyi)ertrophy  or  hyperplasia  in  the  uninjured  portions  of  the 
oi>ran  than  by  the  new  formation  of  true  gland  tissue  that  restitution 
occni's. 

Be^neration  of  Conoective  Tiune. — ^^'e  haxe  seen  again  aud  again  in 
reviewing  pathological  regenei'ation  that,  in  local  restoration  after  in- 
jury, fibrous  tissue  plays  an  important  pait,  either  by  itself  or  in  as8<»- 
cialion  with  various  forms  of  parenchyma.  New  fibrous  tissue  may  be 
formed  iu  the  adult  to  replace  ti.ssue  which  has  been  destroyed.  It  re- 
sults from  many  kinds  of  prolonged  cliemical  and  mechanical  irritants. 
Thus  atrophy  of  the  parenchyma  may  1m'  followed  l»y  intei-stitial  fibrous- 
tissue  giowtli,  or  new  fibrous  tissue  may  de\'elop  under  the  influence  of 
bswterial  and  other  toxic  substance--^,  and  it  frequently  forms  dense  cap- 
sules about  the  seat  of  old  lesions  or  ai'ound  foreign  bodies. 

Many  forms  of  compensatory  fibrous -tissue  de\'elopment  will  be  de- 
scribed in  the  second  section  of  this  book,  such  as  thickening  of  the 
walls  of  blood- vcssel.s,  inflammatory  adhesions,  replacement  hyperplasia, 
etc. 

■\\'e  have  now  to  consider  briefly  the  changes  involved  in  the  new 
formation  of  this  fibrous  tissue.     Here,  as  in  all  other  tissues  of  the  body, 

'  For  a  study  of  t.lie  rrjjeDiTuliiiinif  mucous  iiiombraues  see  Vortiil  aail  Ciiruat,  AtcU. 
lie  MM.  Exp.,  tome  ii.,  p.  413,  1809. 
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it  is  the  cells  alone  which  take  the  iuitialive,  the  foniiatiuii  of  iutei-oel- 
liilar  Kubstauce  being  always  secoudary  to  the  formation  of  the  cells  and 
always  oecurrinK  ander  their  influence. 

New  connective-tissue  cells  may  be  formed  by  mitosis,  either  from 
older  eounective-t issue  cells,  or,  as  now  seems  certain,  from  the  endothe- 
lium of  the  blo«)d- vessels  and  possibly  from  the  so-called  "plasma  cells."' 
Ill  either  case  the  cell  about  to  divide  shows  au  increase  iu  the  size 
of  the  body,  which  becomes  more  granular;  the  uiicleus  divides  by 
mitosis,  segmentation  of  the  cytoplasm  following.  This  process  may  be 
repeated  so  that  many  cells  are  derived  from  oue,  separated  at  first  by 


Fro.  M.  — RKCiKNKRATlON  OF  CONNECTirK  TUMUE. 


a  snmli  amount  of  homogeneous  intercellular  sulwtance.  These  cells, 
at  fiiTst  more  or  less  s)>hei'oidal  in  form,  may  become  hii'ger,  and  i)oly- 
hednil  or  chnig.ited.  Little  by  little,  fine  fihiil.s  appear  between  the 
cells,  sometimes  apparenlly  iw  extensions  of  their  cytoplasm,  sometimes 
alon^  their  sides  in  the  homogeneous  material  in  which  they  lie.     Such 

'  Pi.AsM.v  (,'ci.i.s.^It  is  lw4ievwi  bv  many  that  tlie  gn-called  plasma  fell*  are  fre- 
ijiiciilly  mill  largi'ly  [.'oiiccmetl  iu  tlii.'  fomiutiuu  of  new  fltinms  tissue.  Plasma  ccIIm 
an.-  rouDilcil  or  tmlvlii'drHl  or  I'longatiKl.  depending  upon  tlidr  tihuatioD.  auil  vary  in 
sif-v  tnim  liuit  «f  a  IriietH'yli;  t<i  many  tinifs  tliis  size.  The  roiiii(l«l  or  oval  nucleus  is 
usually  t'.\M'Uti1<'  ami  <;i>iunionlyHlu>W3  several  irreRulargrDUpingsiif  chruiiialin  nwsscg 
just  lieiivaih  the  lucnilirane.  Tix-  body  of  tlii'  plastna  cetl  is  csperiaily  cliaractcri/eil 
bv  the  Htuiniiig  of  its  protoplosiu  by  Iihsic  uuitin  (lyes — ^tliu  polycliroine  nietliyletio  blue 
of  Unua.  for  exunipie.  Tlie  stainnig  is  commonly  less  intense  near  the  uueleua  auil  is 
otherwise  frequenlly  imevtn. 

Such  cells  iH:rnr  noniially  in  the  bone  marrow,  spleen,  lymph  nodes.  an<l  jESAlfn- 
iiitesiinal  iinicosn  of  inan.  Hn<l  may  Ik  fouad  imder  various  paiholofiical  coudiilons. 
especially  in  hy[M'rplasia  and  the  uew  formation  of  fibrous  tisswr.  It  ia  believed  by 
niauy  obst-rvcrs  lliat  plasma  cells  are  direot  derivatives  of  the  small  mononuclear 
lymphoeytes,  and  Ibat  when  these  gntlier  in  tlie  tissue  by  enufnatinn  they  may  eitlier 
undergo  deKeneration  and  destruction,  or,  on  the  otlier  haud.  tiiat  they  may  become 
counective- tissue  cells  and  share  as  Hbroblasts  in  the  formation  of  flbrillar  slmum.  Tlii- 
oriffiii  and  signiHcance  of  "  plasma  cells  "  is  not  yet  altogether  clear,  and  we  must  refi-r 
to  larger  works  for  further  data.  See 'Critical  Summary  of  Recent  Literature,"  by 
Williainii,  American  Journal  of  the  Medical  Sciences,  vol,  c'xix..  p,  71)3,  IIWO. 
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nev  connective -tissue  cells  concerned  in  the  foriuatiou  of  fibrillar  stroma 
arecaXl^  fibroblasts  (Fig.  34).  As  the  fibrous  stroma  inci'eases  in  amount 
the  cells,  at  first  relatively  abundant,  become  elongated  and  flattened, 
until  as  the  new  tissue  approaches  maturity  the  more  or  less  dense 
fibrillar  stroma  preponderates,  pressing  the  cells  between  its  bundles 
or  layers  into  variously  shaped  plaques,  often  fusiform  or  linear  in 
profile. 

In  tiie  formation  of  fibrillar  connective  tissue  from  endotlielium  the 
endothelial  cells  of  thin-Tailed  blood-vessels  increase  in  size,  stretch 
slender  bnd-like  extensions  into  the  adjacent  tissue,  where,  after  mitotic 
division,  they  assume  a  r61e  altogether  identical  with  that  of  the  ordinary 
connective -tissue  cell. 

The  formation  of  new  connective- tissue  cells  may  be  large  or  it  may 
be  limited  to  the  pi-oduction  of  a  single  pair  of  cells;  the  stroma  may  be 
scanty  or  abuudaut,  loose  or  dense;  the  process  is  essentially  the  same, 
namely,  the  division  of  cells  by  mitosis,  and  the  formation  by  them,  or 
under  their  influence,  of  more  or  less  fibrillar  stroma.  This  proces.'i,  it 
will  be  seen,  is  practically  identical  with  the  formation  of  fibrous  tissue 
in  the  embryo. 

But  here,  as  elsewhere,  the  character  and  extent  of  new  tissue  pro- 
duction are  largely  influenced  by  the  environment,  and  particularly  by 
the  nutritive  supply,  so  that  the  formation  of  new  connective  tissue  in 
any  considerable  amount  is  closely  linked  to  the  development  of  blood- 
vessels. 

The  Formation  of  Blood-Vessela. — The  formation  of  blood-vessels  in 
post- embryonic  life  is  believed  always  to  start  in  a  budding  or  sprouting 


FIG.  3S.— DSVtLOPINO  BLOODVESSELS 


of  the  endothelial  cells  of  pre-existing  capillaries.  The  sprouts,  directed 
outward  from  the  endotlielia  of  the  capillaries,  consist  at  first  of  slender, 
conical,  or  filiform  ])rojections  of  cytoplasmic  sut>stance  (Fig.  H5).  Sow 
the  cytoplasm  of  the  cell  from  which  the  sprout  springs  may  increase  in 
amount  and  its  nuclei  divide  by  mitosis,  so  that  the  base  of  the  sprout 
may  consist  of  a  mnltinuclear  mass  of  cytoplasm  or  of  a  clu.ster  of  new- 
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formed  cells.  The  npronts  may  extend  for  a  long  distance  into  the  sur- 
ronnding  region,  whether  this  be  already  organized  tissue  in  which  the 
vessels  are  increasing  in  nomber  or  unorganized  lil'eleKR  material  like  blood 
clot,  which  is  to  be  replaced  by  new  living  structures.  If  a  similar  proc- 
ess be  in  prepress  in  neiglitwring  vessels,  the  sprouts  may  unite  at  their 
extremities,  forming  a  slender  solid  protoplasmic  bridge  from  vessel  to 
vessel.  The  sprouts  now  become  thiclceued  and  gradually  channelled 
out  at  the  base  by  pressure  of  the  blood  iu  the  vessel  from  which  they 
spring.  The  blood  enters  these  lengthening  chanuels,  forcing  its  way 
along  them,  forming  a  lumen  as  it  goes.  Simultaneously  with  this  ad- 
vance of  the  lumen,  new  nuclei  are  formed  by  division  of  the  old  along 
the  sides  of  the  vessel,  and  the  new  structure  gradually  assumes  a  dis- 
tinctly cellular  aud  vascular  character.  At  length  the  channel  is  com- 
plete; the  new  vessels  have  well-defined  endothelial  walls  and  connec- 
tive-tissue cells  from  without,  or  new  connecti\e-tissiie  cells  wliicb  have 
beeu  formed  about  the  nuclei  of  the  protoplasmic  sprout,  range  them- 
selves outside  along  the  walls.  So  the  new  vessel  takes  its  place  in  the 
vascular  system  of  the  part.  Thus,  in  a  short  time,  many  new  blo(«l- 
vessels  may  form,  furnishing  nutritive  centres  about  which  the  orgiiniza- 
tiou  of  tissue  proceeds. 

In  the  new  formation  of  arteries  it  is  believed  that  the  smooth-muscle 
tissue  is  formed  by  a  growth  along  the  developing  vessel  from  a  pre- 
existing artery, 

Begeneration  of  Cartiln^  and  Bone.-^Xew  mrtilage  may  form  by  the 
proliferation  either  of  connective -tissue  or,  to  a  slight  extent,  of  carti- 
lage cells  aud  the  formation  about  the  new  cells  of  the  characteristic 
basement  substance. 

The  new  formation  of  bone  under  i)atholc^ical  conditions  takes  place 
by  tlie  development,  first,  of  fibrillar  connective  tissue  or  <)f  hyaline  car- 
tilage. These  tissues,  especially  through  the  influence  of  periosteal  cells, 
undergo  by  metaplasia  a  gradual  conversion  into  chamcteristic  bone 
tissue.  This  mode  of  bone  formation  is  essentially  similar  to  that  in  em- 
bryonic development.     See  Fig.  479,  p.  7^7. 

Begeneration  of  Fat  Tissue. — Fat  tissue  may  be  formed  by  the  accu- 
mulation of  fat  droplets  in  the  cells  of  various  types  of  connective  tissue, 
particularly  in  che  young  or  embryonic  forms ;  but  adult  coimective  tissue 
may  change  directly  into  fat  tissue.  The  i-epair  of  fat  tissue  takes  place 
by  the  formation  of  young  fibrous  tissue,  whose  cells  and  stroma  gradu- 
ally assume  the  type  of  fat  tissue.  Sew  fat  tissue  which  replaces  atro- 
phied organs  or  parts  of  organs,  such  as  kidney,  heart,  lymph  nodes,  etc. , 
is  formed  in  the  same  way. 

B«gei)eration  of  Blood. — The  formation  of  leucocytes  appears  fofcecur 
chiefly  in  the  masses  of  lymphoid  tissue  which  are  so  widely  scattered  in 
the  body  in  the  lymph  nodes,  in  the  spleen,  and  in  the  bone  marrow. 
Both  mitotic  and  amitotic  cell  division  are  to  be  observed  in  the  new 
formation  of  leucocytes,  but  the  exact  relationship  between  the  new  cells 
produced  in  these  two  way.s,  and  their  i-esiK'ctive  destinies,  is  not  yet 
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y^,^y  cieai'.  liv^iiei-atioti  of  i-ed  blood  celU  tteeiiis  to  occur  iu  the  bone 
imuTOw  through  mitotit;  division  of  iiuclwitwl  fonus.  Tlie  latter  may, 
ituiier  pathological  conditions,  api>eur  in  the  vessels  iu  varying  numbers 
(see  Part  III.,  Chapter  I.). 

'  Transplantation  of  Tieene. — Transplanlation  of  tissue  may  be  succesH- 
fully  made  from  one  part  of  the  iudividual  to  another  or  from  auothui' 
individual  of  the  same  siwcies.  The  epithelium  of  the  skin  and  the  vari  - 
ous  forms  of  eouneetive  tissue  are  most  i-eadily  transplanted  and  produce 
new  tissue  of  similar  type.  The  tmnsptantation  of  gland  tissue  is  less 
successful,  certain  glands,  such  hm  the  mammary  gland  and  thyroid,  show- 
ing some  new  gland-tissue  formation;  while  ou  the  other  hand,  kid:iey, 
liier,  and  testicle  do  not  prolifenite  iu  the  new  situation,  but  nudei^go 
Npi-edy  degeneration  and  absorption.  Ne\'ertheless,  with  the  exception 
of  the  skin  epithelium  the  life  of  the  transplanted  tissue  is  usually  short 
and  it  degenerates  and  is  absorlHHl,  In-ing  ivplaced  by  udjiK'eut  tissues.' 

THE  IHPUL8E  TO  CELL  BEOBNEBATION. 

While  we  can  thus  summarize  the  differing  capacities  of  the  body 
cells  for  regeneration,  while  we  know  many  of  the  general  conditions 
under  which  the  impulse  to  cell  pi-oliferation  and  gi-owth  is  manifested, 
while,  further,  we  have  learned  something  of  the  delicate  mecbanim 
tiirough  which  di^'isiou  is  controlled  and  effected,  at  the  end  we  must 
a*rknowledge  that  we  do  not  know  why  cells  divide.  We  may  say  that 
it  is  due  to  a  chemical  or  a  mechanical  stimulus,  and  it  certainly  may  be 
associated  with  both,  or  that  increased  nutrition  favoi-s  while  innutrition 
i-etai-ds  cell  multiplication ;  we  may  cite  direct  or  remote  injury,  or  talk 
of  the  inhibition  of  organic  coutrol,  disturbed  tissue  equilibrium,  dimin- 
ished pressuiv,  etc.,  but  when  all  is  sitid  we  are  forced  to  recur  to  some 
unknown  factor  in  the  inherited  constitution  of  the  ci'll  which  determines 
the  measure  and  cliariictcr  of  its  response  to  the  most  varied  influences.' 

■  For  a  fuller  rOsiime  of  this  siibjwt.  with  bibliograpJiv,  I'ousult  Zitgler't  "General 
Putli'iloKy, "  Warthm's  trauslBtii>D,  IftOB. 

'  CuDsult  In  tills  connection,  tat  liibliograpliy  on  liie  romiatirc  stimulus,  ri'fereuccs 
on  the  Ori^'in  of  TiiiiiurR.  p.  301, 

Sue  also,  for  summary  of  a,  new  phase  of  rescMrcli  and  interprctatiou  in  llie  Datiire 
uf  llic  "  formutlvo  Btiiuulus  "  involved  in  artificially  iudiiced  cell  division  and  artilleial 
parthenogenesis,  iMtb,  Am.  Jour.  Pliys.,  vol.  iv.,  p.  438,  1901.  and  for  a  review  of 
recent  advances  in  Ibe  knuwlcdKc  of  the  cell.  Wilton.  "Some  Aspects  of  Biological  Re- 
search." The  iDlcroatiotial  Muntlily.  July,  1900.  For  general  bibliography  of  regen- 
eration, compensatory  bypertropliy,  tie.,  see  AtKlmff,  LulMrscU  anil  OsCcrtag's  Ergeb- 
nisse,  Jahrg.  v.  for  1H98,  p.  33. 
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CHAPTER  IV. 

INFLAMMATION. 
Oeneral  Considerations. 

The  conception  of  iuftaujuiatiou  van  origiimlly  a  clinical  one  iu  which 
the  proceas  was  inai'ked  by  syraptoui.s — redness,  heat,  swelling,  pain,  and 
impaired  functioD.  This  conception  watt  gradually  enlarged  to  embiuce 
the  new  formation  of  tissue  which  might  l>e  assMK-iated  with  or  follow 
tliese  symptoms,  or  which  might  be  independent  of  tbeni.  After  the 
knowlHlge  of  the  importance  of  the  cell  became  general  it  was  upon  the 
fommtion  and  accumulation  of  cellK  and  other  substances  that  attention 
was  esiXH-ially  fixed.  Finally,  the  proc«sae8  and  structural  alterations 
enibra<-«-<l  in  the  conception  of  inflammation  became  so  varied  and  com- 
plex that  a  definition  or  even  a  characterization  seemed  not  only  difScnlt, 
but  wellnigh  impossible. 

It  is  only  within  the  past  decade  or  two  that  the  processes  and  lesions 
involved  iu  inflammation  have  been  seriously  considered  iu  the  light  of 
comparative  pathology  and  as  biological  problems  divorced  for  purposes 
of  research  from  the  dominance  of  traditional  clinical  conceptions.  Iu 
view  of  our  increaseil  knowledge  of  the  structure  of  cells,  and  of  the  im- 
pulses immediate  and  hereditary  which  determine  their  perforniauces,  it 
see»ns  possible  now  to  resolve  the  complex  proces-ses  and  lesions  embraced 
in  the  gcnei-.il  notions  of  inflammation  into  more  simple  factors,  and  to 
arrive,  if  not  at  an  exact  defiuitiou,  at  least  at  a  reasonable  conception  of 
the  relationship  of  its  phenomena  to  each  other,  to  those  of  normal  physi- 
ology, and  to  other  phases  of  diseiuse. 

With  this  end  in  view  it  seems  wise  at  first  to  reliearse  as  simply  and  , 
briefly  as  is  practicable  some  of  the  more  typical  of  the  phenomena  aud 
lesions  which  are  commoidy  grouped  under  the  term  inflammation. 

^\'hile  the  death  of  tissue  fn>ni  trauma  and  degeneratix'e  alterations 
ill  the  tissues  iu  the  presence  of  various  form  of  imisons  are  often  impor- 
tant fiictors  in  the  inflammatory'  processes,  we  shall  not  consider  them 
sepai'alely  here,  because  they  ai-e  incidental  mthei'  than  iidiereut  aud 
have  already  been  treated  in  the  section  on  degenerations  and  necrosis. 
But  it  should  be  noted  that  various  pha.ses  of  albuminous  degeneration, 
local  or  general,  which  are  induced  by  the  poisons  of  the  pathogenic 
bacteria,  are  very  often  associated  with  inflammation,  aud  not  infrequently 
modify,  or  may  even  determine,  its  occurrence. 

A  comprehensive  survey  of  the  conditions  under  which  inflammation 
most  frequently  takes  place  shows  at  luice  that  it  is  almost  always  ius.so- 


DigitizedbyGoOglC 


108  INFLAMMATION. 

ciated  with  some  form  of  injiirj-.  This  may  be  direct  trauma,  or  exces 
sivc  heat  or  cold.  It  may  be  poisons  of  various  kinds — from  the  cruder 
inorganic  poisons  inducing  immediate  and  gross  tissue  destruction  to  the 
subtle  toxic  substances  which  result  from  the  metabolism  of  micro-orgau- 
isms  or  from  the  aberrant  metabolism  or  degeneration  of  the  body  cells 
themselves. 

Let  us  now  look  at  some  of  the  ways  in  which  the  living  body  re- 
sponds to  injury,  and  first  at  an  injuiy  which  is  very  slight  and  simple. 

Types  of  the  Inflammatory  Reaction  of  the  Body  to  Injury. 

Injury  to  Hon-Vaicnlar  Tiisue. — If  a  small  clean  cut  be  made  iu  liv- 
ing fibrillar  connective  tissue,  not  involving  blood-vessels  and  aflfecting 
only  the  cells  and  fibres  In  the  vicinity  of  the  incision,  and  If  the  sides 
of  the  wound  be  immediately  placed  and  held  together,  the  residtiug 
changes  which  lead  to  the  complete  restitution  of  the  part  are  compar- 
atively simple.  A  small  quantity  of  fluid  which  oozes  from  the  tissue 
spaces  sticks  the  sides  of  the  cut  together.  Such  connective-tissue  cells 
as  have  been  seriously  injured,  especially  if  the  nuclei  have  suffered,  die 
and  disint^rate.  But  cells  whose  nuclei  have  remaiued  intact,  whether 
directly  upon  the  incision  or  in  its  immediate  vicinity,  become  larger  and 
more  granular,  may  divide  by  mitosis,  extend  their  bodies  or  processes 
across  the  plane  of  incision,  bridging  this  at  intervals  with  living  proto- 
plasm. Under  the  influence  of  these  cells,  new  intercellular  fibres  are 
formed,  which  in  a  short  time  bind  the  sides  of  the  wound  firmly  t<^ther. 
Thus  with  but  the  slightest  amount  of  tissne  destruction,  and  with  uo  in- 
vohement  of  the  blood-vessels,  a  simple  niechauical  injury  may  be  made 
good.  This  form  of  reaction  to  injury  of  living  tissue  is  known  to  the 
surgeons  as  hmlinff  by  first  intention.  The  mode  of  healing  does  not  essen- 
tially differ  if  there  be  a  slight  injury  to  the  blood-vessels. 

Injury  to  Vascular  Tissue. — Let  ns  now  look  at  the  effect  on  a  vascular 
tissue  of  an  injurj-  not  immediately  destructive.  For  this  purpose  the 
mesentery  or  the  bladder  of  a  curarized  frog,  drawn  out  upon  a  suitable 
plate  upon  the  stage  of  the  microscope  and  kept  moist  by  irrigation  with 
three-fourths-per-cent  salt  solution,  affords  a  succession  of  most  instruc- 
tive pictures.  The  mechanical  disturbance  of  the  organs  exposed,  desic- 
cation, and  a  variety  of  other  physical  and  chemical  vicissitudes  to 
which  they  are  subjected  are  sufficiently  damaging  to  incite  a  complex 
train  of  responses  on  the  part  of  the  living  tissue.s. 

In  studying  the  circulation  of  the  blood  iu  small  ve'sels  under  the 
microscope  it  should  be  remembered  that,  while  the  walls  of  these  ves- 
sels are  made  up  of  living  tissue  and  arc  capable  of  responses  by  move- 
ment or  by  structural  change  to  external  agencies,  whether  applied  direct- 
ly or  through  the  ncr\'es,  they  are  also  elastic  iiipes  through  which  fluid 
flows,  and  that  both  pipes  and  fluid  are  subject  to  the  laws  of  mechanics. 
These  mechanical  laws  are  often  modifiwl  in  expression,  it  is  true,  by  the 
subtle  energies  which  li\ing  lissues  wield,  but,  as  Thoma  more  thiui  any 
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other  has  shovD,  they  are  not  to  be  ignored  by  the  serioos  stodent  of  the 
living  body,  either  in  health  or  disease. 

In  the  bladder  or  mesentery  of  the  fix^  the  arteries  and  veins  with 
their  connecting  system  of  capillaries  are  clearly  seen.  When  the  cur- 
rent is  rapid  the  cells  of  the  blood  in  the  arteries  and  veins  are  gathered 
into  a  red  axial  mass  in  which  the  separate  cells  may  not  be  distinguish- 
able, owing  to  their  crowding  and  the  rapid  flow.  Outside  of  this,  against 
the  walls,  is  a  clear  marginal  zone  in  which  a  leucocyte  is  occasionally 
visible.  If  for  any  reason  the  rate  of  How  be  considerably  diminished, 
the  leucocytes,  which  are  specifically  lighter  than  the  red  cells,  gather  in 
the  mai^inal  zone.  If  the  current  become  ver>-  slow  or  be  arrested,  the 
marginal  zone  disappears  and  the  red  and  white  cells  intermingle.' 

Soon  after  the  exposure  of  the  bladder  or  mesentery  the  arteries, 
veins,  and  capillaries  dilate,  and  the  blood,  enconntering  leas  resistance 
from  the  walls,  flows  more  rapidly  through  them.  This  increased  rapid- 
ity of  the  blood  current  does  not,  however,  last  long,  although  the  vessel 
still  remains  dilated.  After  a  variable  period,  owing,  it  is  believed,  to 
changes  in  the  endothelia  of  the  vessels,  the  blood  meets  with  so  much 
resistance  that  it  flows  more  slowly  than  under  normal  conditions.  Tem- 
porary or  even  perinaneut  stasis  may  occur  in  some  of  the  vessels,  but 
thLs  is  not  a  constant  nor  a  characteristic  occurrence.  White  blood  cells 
— leucocytes — now  begin  to  accumulate  along  the  inner  walls  of  the  veins 
and  to  become  fixed  there,  so  that  after  a  time  the  whole  inner  surface  of 
the  veins  may  be  more  or  less  thickly  spriukled,  and  even  closely  crowdwl, 
with  adherent  leucocytes.  These  may  either  lie  firmly  against  the  endo- 
thelium or  be  dra^^d  slowly  along  by  the  current  of  blood  sweeping 
past  them.  Some  are  di-agged  by  the  blood  current  into  pyriform 
shapes,  showing  that  they  are  adherent  at  a  small  point  only,  and  thus 
they  may  be  detached  from  the  wall  and  rejoin  the  circulating  blood. 
They  may  by  amoeboid  movement  crawl  slowly  along  the  interior  of  the 
wall,  even  against  the  cnrrent.  In  the  capillaries,  also,  a  similar  com- 
portment of  the  leucocytes  may  be  seen. 

After  a  time,  which  varies  considerably — in  the  bladder  sometimes 
within  an  hour  after  its  exposure;  in  the  mesenterj'  usually  later — some 
of  the  leucocytes  commence  to  make  their  way  slowly  through  the  walls 
of  the  veins  and  capillaries.  At  first  a  little  shining  knob  appears  on 
the  ontside  of  the  wall  opposite  to  the  cell  which  is  sticking  within,  and 
this  outer  portion  grows  larger  as  the  i>art  still  within  grows  smaller, 
until  at  length  the  entire  cell  is  outside  of  the  vessel.  The  cell  now  may 
immetliately  detach  it.self  and  wander  off  in  the  tissue  spaces,  or  it  may 
remain  for  some  time  attached  to  the  outside  of  the  wall  (Fig.  36).  This 
passage  of  the  leucocytes  throngh  the  walls  of  the  capillaries  and  veins — 
it  does  not  occur  in  the  arteries — is  called  emigration.     The  emigrating 

'  This  distribution  of  the  blood  ia  almost,  if  not  wholly  tnt'Cluiniral,  and  may  l>c 
eimulattKi  In  glass  tubes  with  a  fliii<l  in  which  lifeless  particli'3  of  different  spetific 
KTOvities  are  suspended.  The  partieles  of  tiie  leaser  specific  gmvity  assume,  wlien  the 
now  is  establislied.  liie  periplieral  portfim  of  the  strpain. 
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cells  are  lai^ly  the  polymiclear  leucocytes,  but  monouuctear  forms  and 
eoBinophiles  uiay  also  pass  out  of  the  vessels. 

The  cells  pass  between  the  endothelia  through  the  cement  subatan<«, 
which  apparently  is  in  some  way  changed  in  the  inflammatoi-j-  process. 


FlQ.  at.— EUIORATFON  Of    LKICOCVTIB    PROM    THE    BLOOIhVKHEl.*  IIF    THE    NKSK^TERV    Or  Tl 


They  may  pass  through  very  rapidly,  but  iisnally  tlieir  pi-ogivss  is  slow 
and  often  interrupted,  so  that  cells  may  be  seen  motionless  for  a  long 


:il  IhF  KiinxmuiUns  co 


time  in  various  stages  of  progress  through  the  walls.  A  half  minute,  or 
even  less,  may  suffice  for  their  passage,  or  they  may  be  boui-s  alHtut  it. 
Thus,  after  a  variable  time,  if  the  conditions  have  been  favorable,  the 


,yGoog[c 


INFLAMMATION'.  Ill 

lissiieH  immediately  around  Ihe  capillaries  aiid  veins,  and  evea  those 
Roniewbat  remote  from  them,  may  be  more  or  less  densely  crowded  with 
leucocytes,  some  motionless  aiid  iu  the  spheroidal  form,  others  moving 
about  through  the  tissue  spaces  (Fig.  37).  Leucocytes  may  pass  out  of 
Ihe  tissues  on  to  fiee  surfaces  of  the  inflamed  part,  oi'  they  may  wander 
into  the  lymph-vessels  and  so  re-enter  the  circulation. 

It  is  probable  that  the  emigration  of  the  leucocytes  is  due  in  part  to 
a  sort  of  filtration  process  with  which  the  pressure  of  the  blood  within 
the  vessels  is  concerned,  and  also  to  capillary  attraction  at  the  point  of 
emergence.  But  the  inherent  contractility  of  the  cells  themselvesforms, 
doubtless,  a  ^ery  important  factor.  That  in  most  cases  cbeniolaxiti  plays 
a  significant  part  in  directing  the  course  of  the  leucocytes  .seems  to  be 
well  established,  and  it  is  iai^Iy  to  this  that  the  gathering  of  leucocytes 
is  due  in  the  vicinity  of  the  deleterious  agents  which  incite  inflammation. 
In  regard  to  cbemotaxis  it  should  be  said  in  brief  that  the  direction  of 
locomotion  in  protoplasm  may  be  determined  by  chemical  substances  in 
the  vicinity.  This  is  the  case  not  only  iu  the  lower  forms  of  life,  as  in 
certain  bacteria  and  protozoa,  but  also  in  such  cells  of  higher  organism 
as  have  retained  a  certain  in<lei)endeuce  of  locomotion,  for  example,  in 
the  leucocytes  and  certain  cells  of  the  connective  tissue.  To  this  form  of 
response  to  external  agencies  the  name  chemotaxia  has  been  applied.  In 
some  cases  the  eflfect  of  chemical  agents  in  the  euvii-onment  is  not  to  at- 
tract, but  to  repel  protoplasm.  This  has  been  called  negative  chemotaria. 
i'hemotaxis  and  certain  allied  responses  to  outside  influences  have  been 
found  to  play  an  important  rfile  in  health  as  well  as  iu  some  forms  of 
disease,  and  have  been  the  subject  of  much  careful  study." 

If  we  return  now  to  our  observation  of  the  living  mesentery  it  will  \te 
found  that  while  emigration  of  leucocytes  is  going  on  the  I'ed  hl(K>d  cells, 
although  for  the  most  part  carried  along  as  usual  in  the  current  of  the 
veins  and  through  the  capillaries,  still  often  find  their  way  iu  small,  and 
sometimes  in  very  large,  numbers  into  the  surrounding  tis.sues.  They  are, 
it  is  believed,  carried  passively  through  the  cement  substance  b»^tweeu 
the  endothelia  by  miinite  stn'ams  of  Huid  which  under  these  conditions 
are  flowing  in  abnormal  quantities  through  the  walls.  This  extravasa- 
tion of  the  i-ed  blotHl  cells  is  called  ditipedesifi.  It  appears  to  follow  Ihe 
emigration  of  the  leucocytes,  which  seems  in  some  fashion  to  prepare  the 
way  for  the  uioi*  mechanical  exit  of  the  red  cells. 

By  this  time  it  will  l>e  usually  found  that  the  tissue  around  the  ves- 
sels is  somewhat  swollen  and  more  succulent  than  noitiial,  and  fluid  may 
be  poured  out  on  the  free  suiface.  The  fluid  which  thus  gathei"s  is  called 
tterum.  It  is  similar  to  the  simple  non-inflarnmatur>'  transudates,  except 
that  it  is  i-icher  in  proteids  and  is  mixe<l  with  cells.  This  serum  has 
passed  out  of  the  blood-vessels  along  with  the  blood  cells,  and,  as  its 
composition  diifers  somewhat  from  that  of  blood  plasma,  it  is  evident 

'For  a  fullcT  fioiisiiitratliin  of  clicmntsxis.  willi  )>iliIiogra]>liy,  (■t>asu\t  Ifiirei'porl, 
"  Ex  peri  men  la  i  Morphology,"  Part  I,,  p.  32,  et  ivq.  For  the  forms  of  leucocytes  which 
emigrate  under  various  cotidltious  see  .idler,  A.  .iHColii's  PestKchrift,  1900,  p." 809. 
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that  it  has  nndei^ooe  a  change  as  it  passed.  The  way  in  which  this 
alteration  in  the  composition  of  the  blood  plasma  occurs  as  it  passes 
through  the  walls  of  the  vessels  and  becomes  the  serum  of.  exudation,  we 
do  QOt  anderslaud.  But  it  is  probably  due 
to  metabolic  processes  iu  the  endothelial 
cells  by  which  what  has  been  called  a  "se- 
lective filtration"  is  secured. 

The  fluid  exudate  contains  fibrinogenoos 
substance,  and  from  this,  when  the  condi- 
tions ai*   favorable,  fibrin  may  be  formed 
(Fig.  38)  by  a  change  similar  to  that  which 
occurs  in  the  coagulation  of  the  blood.     The 
leucocytes   which  wander  into    the    tissue 
spaces  outside   the   vessels  may  enconuter 
conditions  inimical  to  life,  from  innutrition  or  from  the  presence  of  dele- 
terious substances,  and  thus  these  and  other  celts  furnish  as  they  die  and 
disintegrate  the   fibrin   ferment  essential  to  coagtilalion.     Clusters   of 
fibrin  fibrils  may  thus  often  be  seen  surrounding  dead  and  disint^rat- 
ing  cells  (see  Fig.  3»).' 

If  at  this  time  the  exposed  bladder  or  mesentery  of  the  frog  be  re- 
stored to  the  abdominal  cavity  and  the  animal  placed  under  favorable 
conditions,  the  reaction  of  the  vessels  and  cells  to  the  unusual  environ- 
ment may,  if  the  injury  ha^e  not  been  too  severe,  gradually  subside. 
The  circulation  is  then  re-established,  the  serum  is  absorbed,  the  leuco- 
cytes which  have  not  come  out  upon  the  surface  or  died  in  the  tissue 


Cm.  38.— FlBRCS  FORM] 


INTKHSTICES  OF  TigSOK. 


spaces  may  i-e-enter  the  lymphatics.  Fibrin,  if  this  have  been  formed, 
and  red  blood  cells  which  have  escaped  from  the  circulation  are  dis- 
posed of  by  simple  decomposition,  or  under  the  influence  of  ferments 

'  For  a  discussion  nf  the  rclntioDShlp  nf  flbrin  formation  to  tells  whtch  mayf  umlah 
a  substance  inducing  niagiilation  nee  Il'iutrr,  Vircli.  Arch..  Bd.  citv.,  p.  835, 18S8;  also 
AnuAil.  Cbl.  f.  Putli.,  B(i.  x,.  p,  313,  1899. 
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which  lencocsrtee  furnish  (aee  p.  116),  or  may  be  carried  off  by  the  wau- 

dering  leucocytes;  or,  aa  is  not  iofrequently  the  case,  the  decomposed 

blood  pigment  may  remain  for  some  time,  in  aita,  as  the  only  mark  of 

au  earlier  active  inflammatory 

process. 

Thus  iu  the  living  animal ' 
we  can  learn  by  direct  obser- 
vation llie  way  in  which  serum, 
fibrin,  and  red  and  white  bloiKl 
cells  get  into  the  tisKiies  and 
upon  free  surfaces  iu  certain 
forms  of  injurj-  involving  the 
blood-vessels.  These  material 
gathering  in  or  upon  the  tis- 
sues under  these  conditions  are 
Ciilled  exudates,  and  thi»  phase 
of  1 1  inanimation  is  commonly 
called  exu<1ative  hiflammation. 

Fig.  W.-B*(TEiiUL  EMBOLrn  IN  THB  LITKK.  Lct     US     UOW     look     at     the 

■me  barlerta  baie  Rrown  in  a  mwi  nitdln  tde  smslJ       effect    UpOU    a   living    VaSCUlar 
Uoud-vraiwl.    Ttw  llrer  cetls  la  Die  vfclnitt UHKer  uD-       ..  r     ■     ■  -    n-    .    j    - 

,;^n^i_  tissues  of    injurj'   mflicted  in 

u  different  way. 
Injury  from  Hicro-orgaiiiBina. — Suppose  we  inject  into  the  ear  vein  of  a 
rabbit  a  small  amount  of  »  pure  culture  of  a  well-known  and  vei-^'  com- 
mon nicro-ot^nism.  Strepto- 
coccus pyogenes.  Little  masses 
of  the  living  germ  will  enter 
the  heart  and  be  driven  out 
again  through  the  arteries  in 
whose  sinaller  twiglets  or  in 
the  capillaries  some  of  them 
will  lodge.  Here  in  the  living 
tissues  the  bacteria  may  find 
good  nutrient  conditions  and 
begin  to  proliferate,  inoi'easing 
so  rapidly  in  number  that  they 
may  di.steud  the  vessels  in 
which  they  lie.  If  after  twenty- 
four  h(mi-s  the  animal  be  killed, 

and  one  examine  the  organs  in     ''"^  "-bactkrial  ehbous  in  iiik  lh-kr  with 
which  the  bacterial  emboli  ha^■e       ^   .     ^  .. ,      . 

,             ,  .        ,      , .  ^*'  'iw'Tia  are  sHll  largely  ™nnn«l  lo  (he  viiis^l  hut 

caught  and  grown in  the  liver,        k  r™  are  nuwidp.    nm-  l^tume  i.t  av>roU.-  Ilirrpells 

for    example — he    finds  small     "•"""h"*"'"'"":'"''™''' '■<"■'■ 
blood-vessels  here  and  there  distended  with  liacteria.     But  the  paren- 
chyma and  interstitial  tissue  about  them  appear  to  be  intact  (Fig.  40). 

'  Thoma  lias  showu  by  aimilar  ntiidieB  od  wftnn-1)!<K>ded  animals  tliat  tbc  reaction 
lo  injury  is  iu  tbem  esseatially  similar  to  ttiat  in  tlie  fnig. 
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If,  ht>WK\ei-,  tlie  aiihuul  be  allowed  to  live  longer — say  two  or  Uu-et*  days 
— before  the  examination,  tlie  coudition  of  the  tissue  about  the  growing 
bacterial  mass  in  the  typical  conree  of  events  shows  marked  and  signifi- 
cant alteratiou.  Immediately  around  the  bacteria  the  nuclei  fail  to  take 
the  nuclear  staius  (Fig.  41);  the  cytoplasm  is  uuusually  gi-anular  or 
fallen  into  fragments.  These  are  the  marks  of  cell  death,  and  from  tlie 
situation  of  this  ai-ea  of  dead  tissue  about  the  colony  of  growing  bacteria 
we  may  infer — and  the  inference  is  confirmed  by  a  host  of  tests  and  ob- 
8er\'atious — that,  in  growing,  the  bacteria  have  set  free  in  the  tissne  about 


ON  IM  THK  Liver  from   BactkriaL  Infectios— EinuT 

NECBOTIC  ISKLAimATLON. 


The  bwliTlB  are  Brallerpd  In  masawi,  the  liver  rells  about  thtm  are  nemKlc,  v 
imlherpd  In  larire  numhera  wllbln  Ibp  necrotic  on*.    Wlih  Blight  [urtbtn-  dkilnlPKiatlan  Uils  man  "I  drad 
tlviT  tlwue  sail  pus  rells  wuuld  furm  an  absrem. 

them  some  chemical  substance  whose  prewnce  is  incompatible  with  the 
continuance  of  the  life  procea.ses  in  the  liver  cells,  which  in  fact  has  killed 
them. 

But  ^ery  soon  the  tissues  near  by  sliow  a  different  sort  of  reaction  to 
this  active  poison  set  fi-ee  upon  the  spot.  Leucocytes  gather  on  the  bor- 
ders of  the  necrotic  area  and  may  fonn  a  dense  ensheathing  mass  about  it 
(Fig.  42).  If  we  look  for  the  origin  of  the.se,  we  find  that  close  outside 
the  area  of  deail  tissue  and  among  the  gathered  leucocytes  the  smaller 
blood-vessels  are  diluted,  overfilled  with  blood,  and  such  marks  of  the 
emigration  of  leucocytes  as  a  tissue  removed  from  the  animal  and  pre- 
pared for  examination  may  sliow  are  unmistakable.     Sot  infretiuently 
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extravasat«d  red  blood  eella  and  fibrin  aud  a  disteiitioD  of  the  tissue 
8pac«s  with  fiaid  still  further  characterize  the  procetw  as  exudative  in- 
fiammation. 

It  was  observed  in  the  exposed  mesenterj-  or  bladder  of  the  fro^;  that 
the  leucocytes,  once  outside  the  vessels,  wandered  off  in  various  direc- 
tions in  the  tissues,  some  to  the  surface,  some  to  the  lymph- vGHMeln,  and 
some  far  from  the  veins  or  capillaries^  from  which  they  emei'ged.  Not  so 
here.  The  cstravascular  leucocj-tes  gather  close  in  the  border  zone  of 
the  necrotic  area  or  enter  it.  Aud  we  may  usually  see  iu  the  outer  parts 
of  such  an  area  of  dead  tissue  scattered  leucocytes  which  are  themsehes 
nndei^oing  changes  indicating  the  death  of  the  cell.  The  changes  which 
have  just  been  de»crit>ed  as  the  result  of  experimeut  in  the  animal  are 
practically  identical  with  those  occurriug  in  man  as  the  result  of  acci- 
dental inoculation. 

If  the  process  continue,  one  may  find  on  later  examination  that  the 
dead-tissue  mass  has  softened,  the  bacteria  are  si-atlered,  ainl  the  whole 
central  portion  may  be  occupied  by  a  grayish  or  yellowish  grumous  or 
fluid  mass  of  dead  cells,  cell  detritus,  albuminous  and  fatty  granules, 
bacteria  and  leucocytes  in  various  stages  of  necrosis  and  disintegration. 

Such  a  localized  result  of  exudative  iullammation  with  death  and  dis- 
integration of  tissue  is  called  an  ab»ee»s ;  the  material  which  it  contains 
is  called  pu». ' 

The  changes  by  which,  if  the  animal  sunive  the  formation  of  abscess, 
the  active  processes  are  brought  to  a  standstill  and  repair  is  effected,  we 
oeed  not  now  follow.  But  it  concerns  us  here  to  appreciate  that  Ibis  is 
a  type  of  one  of  the  most  important  pha.ses  of  the  iiidammatorii'  process ; 
a  phase  in  which  a  poison  produced  in  the  body  by  the  metabolism  of 
micro-organisms  incites  a  complex  train  of  active  and  passive  tissue 
changes. 

In  our  study  of  illustrative  phases  of  inSammation  we  now  turn  to 
the  processes  by  which  repair  of  injured  tissues,  after  more  or  less  in- 
volvement in  the  iuflainmatory  phenomena,  are  brought  about. 

Kesolution  in  Inflammation — Phagocytes. — In  many  cases  of  exudative 
inflammation,  after  the  subsidence  of  the  active  changes  in  the  bloml- 
vessels,  the  exudates  are  entirely  absorbed,  and  the  tissue  returns  to  its 
normal  condition ;  this  is  called  resolution.  Under  certain  conditions,  on 
the  other  hand — for  example,  in  the  case  of  a  wound  with  loss  of  sub- 
stance, or  in  an  aciitc  exudative  inflammation  of  a  serous  membnine 
in  which  the  surface  is  deprived  of  its  normal  niesothelial "  covering,  or 
in  the  healing  of  an  abscess— new  tissues  may  be  produced  through  the 
agency  of  old  cells  or  of  new  cells  formed  in  the  inflammatory  process. 

'  For  a  more  detailed  coDsideration  of  siijipunitioD  and  the  characters  of  pus  aee  p. 

*  The  morphological  resemblance  of  the  flat  pells  covering  the  surfaces  of  the  great 
serous  cavities— peritoneal,  pleural,  and  pericardial- to  the  endothelium  of  the  iiloiHl 
and  lymph -vessels  has  led  to  their  being  also  ealieil  endothelium.  But  their  fr(.nesis  il'4 
well  as  certain  physlotogical  capseitii-s  which  tliey  still  retain,  render  more  fitting  llie 
name  metolMivm.     See  rt-fereace  to  .Viii"t  in  foolnole  oj»  p.  32.1. 
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Before  eonsidej-ing  the  way  in  whicL  repair  of  a  wound  is  effected,  we 
Bball  look  at  An  importaut  cl'iss  of  cells  in  the  body  by  which  foreign  and 
«  ostc  substances  are  disposed  of. 

Phagocytes. — The  disposal  of  small  foreign 
particles  which  iu  one  way  or  another  get  into 
the  body,  and  the  removal  of  dead  and  uselesfi 
fragments  of  tissue  which  may  be  present  as  the 
i-esult  of  injui-y  or  disease,  are  eared  for  by 
lai^er  and  smaller  cells,  called  phagoeyte».  To 
no.  *3.-PHioocyTK8.  a  certain  extent  the  same  occurs  in  the  wear  and 

These  are  leucoryus  wwch  tear  of  HOmial  life.  The  cells  having  this  mat- 
LTZrb^"""""^""'  te'-  i"  charge  ai-e  lately  leucocytes  (Fig.  43), 
and  all  are  apparently  mesodermal,  lowly  or- 
ganized cells.  Some  of  them  are  large  cells  and  may  be  multiuuclear — 
the  so-called  "giant  cells'"  (Fig.  44).  Endothelial  cells  may  also  play 
an  im^wrtant  role  as  phagocj^es. 

Tlie  disposal  of  dead  or  foreign  material  is  in  part  accomplished  by  i\» 
heing  taken  into  the  bodies 

of   the   phagocytes.     These         ^^^"^    •'•?.*>.  f*-^,  <^     "n    -^ 
may  either   retain    it   more         -  ^'^'^n*'/  nV         !•  l**.   s, 

orless  peiTuaaently,  or  may  '^'^^'^■■w_^  ' '*r"*~»*  ^  ■•".  ■•&' 
absorb  it  in  virtue  of  their  ^tsi.  '  .-^.^'^'Ji^e^ ■'.**' S'-.?^^^^ 
metabolic  powers,  or,  in  the       '   -J;.;:'**-- !  '-  -_ ,    '  j^  '  -  ■  i-  \ 

caseof  leucocytes,  may  carry       ^f"-        '^*  -m-     ,  a 

it  off  to  some  region  of  de-       ."  »  '    "• 

posit  by  the  exereise  of  their      _  ,,  /'' 

amoeboid  capacities.    On  the         j  f_fy.  J 

other  hand,  the  leucocytes,       0  vffy.:  *' 

and  possibly  other  mesoder-  ^  ■    ^  ^p 

mal   cells,   may  either  with  ',."',■  ;4' 

or     without     disintegration  --^~^ 'il^  ~r~-~^i^'^r  _^^.   -  ~i--  ■'■ 

develop    ferment-like    sub-  ~  '  ""■  ^"  ■  -  ■    -  ^ 

stances'  wliich  render  pro-  fio.  «.— gi*st  cKi-ta. 

teid  materials  soluble;  thus  Tb«(ti>iii[<vLt9U¥  Biiiipbonjeror  ■  iwiror  ennmuion 
dwul  or  useless  tissue  frag-  I^ng/^i^"""'  "  "^  °'  "'*''  '"^'"'  """*  "'""'  " 
ments  may  be  dissolved  and 

carried  off  in  the  tissue  fluids  (Fig.  45).  This  ph^ocytic  and  lytic 
iiction  of  mesodermal  cells  is  believed  to  have  an  important  bearing  upon 
iuniuuiity  and  i-ecovery  fi-om  infectious  diseiises  (see  }}]t.  1 72  and  181). 

'  Thetu:  Kiaiit  (-ells  iiiny  be  fiirmed  eitluT  by  Ilie  tiisiiif!  togL-tliiT  «f  codotlielial  or 
ciiniR-ctivc-tiiisiiu  ci'Hh,  ot  liy  a  division  of  nuclL-i  ami  iuoreiisc  In  tlie  cytoplasm  of  con- 
u<-cliv«-iisHuc  cells,  wltliout  a  furtlier  division  of  tlic  body.  Tbc  prasii)iltty  must  be 
rer^igiiizi-d  that  giant  cello  may  l>e  (Drninl  also  liy  tlie  fusion  of  Icticocytus.  Olant 
cells  are  fn-qufDily  present  In  granulation  tlHsiic  wlilcli  is  rnrming  8imiittuiii>oiisly  with 
till'  ulisorpiion  of  Hoini.-  foreign  subntancc  or  i-onsidcralile  <|iiaDlities  of  (lead  tissue  (tig. 
44).  For  u  Hludv  of  giant  ccllti,  with  tiibllogi'utiliy,  consult  lleJct'ien,  Jour.  Exp.  Mid.. 
Tul.  iii.,  p.  31;  fuei-'t.  Zicglcr's  BciirUge,  Ilil.  xxiv.,  p.  440;  &aA  Button,  "Studies  from 
IK-purtmeut  of  Patlmlogy  Cornell  University."  vol.  i. 

'  For  a  resume  of  tlic  action  of  ferments  iu  pathology  see  Jaeobg,  Cktutrbl.  f.  Path.. 
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The  Healing  of  Wounds. 


The  way  in  which  new  inflanmiatorj'  tisRiies  are  formed  may  be  beat 
nnderstood  by  following  the  prooe^s  of  healing  in  a  wound  with  loss  of 
subBtance — for  example,  in  a  wound  throngh  the  akin  or  a  nmcous  mem- 


no.  m.— KUOHKNTS    Of    NSCBOTiC    MlSCU    [N    PEOCRSS    OF    ABWRPTION    I'NDKR    THK    ACTCOS    Of 

Fhioocytes. 

brane  into  the  tissue  beneath.  At  first  there  may  be  biPmorrhage.  After 
this  has  ceased,  the  injui-y  to  the  tissue,  the  umisual  exposure  of  deep- 
seated  parts,  the  presence  of  foreign  substances,  etc.,  may  induce  the 
same  series  of  events  which  we  have  seen  occurring  in  exudative  inflam- 


mation with  production  of  scrum,  fibrin,  and  pus.  The  blood -ves-'sels 
dilate,  the  circulation  becomes  slower,  serum  transudes,  and  emigration 
sets  in.  Certain  of  the  cells  and  fragments  of  intercellular  substance 
near  the  seat  of  injurj-  may  die,  and  in  time  are  Ciist  off'  or  are  disinte- 
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grated  or  dissolved  and  absorbed  or  otherwise  disposed  of  by  phagocytes. 
The  tissue  may  become  soaked  and  swoUeu  by  the  trausuded  serum,  and 
the  connective-tissue  cells  in  the  vicinity  may  undei^o  proliferative  or 
degenerative  changes. 

Ghranolatiou  TUsne. — After  a  variable  time,  usually  on  the  second  or 
third  day  if  all  goes  well,  the  surfaces  of  the  wound  may  he  more  or  leas 
covered  with  tiny  red  nodules  called  granulations.  These  granulations 
contain  numerous  thin-walled  blood-vessels  which  have  sprouted  out 
from  the  old  vessels  near  the  seat  of  injury,  aud  around  these  a  new 
loose,  succulent  tissue  is  formed,  largely,  it  is  believed,  from  prolifer- 
ation of  connect! ve-ti.ssne  cells.  This  is  called  gramiiaiion  tissue  (Fig. 
46).     On  the  surfaces  of  the  granulations  are  usually  pus  cells  in  vary- 


FlO.  r.— GKAM-LATIDN  TlBgCE  fHOM  WOUND  Or  SKIS'. 

The  walLa  of  llie  blood-ressela  are  tbli^her  and  iDlercellular  Dbrite  are  tomilns- 

ing  quantity,  or  the  granulations  may  be  more  or  less  covered  with 
dried  exudate.  The  way  in  which  the  new  blood-vessels  form  by  proto- 
plasuiic  sprouts  from  the  old,  and  the  manner  in  which  connective 
tissue  de^■elopB  from  older  connective -tissue  cells  have  been  already  de- 
scribe<l  in  the  section  on  Hegeneration.  Let  it  suffice  here  to  say  that 
the  cells  of  the  granulation  tissue  are  at  fii'st  mostly  small  and  spher- 
oidal or  polyhedral,  and  are  usually  packed  closely  together  with  only  a 
small  amount  of  fluid  intercellular  substance.  Presently  some  of  the 
cells  bei-ome  larger  and  polyhedral,  elongated,  fusiform,  or  braucbed, 
and  after  a  while  a  deliciite,  fibrillar  intercellular  substance  makes  its 
appearance  about  them  and  grows  more  and  more  abundant  (Fig.  47). 
These  larger,  variously  shaped  cells,  which  appear  to  be  formed  out  of 
the  small  spheroidal  or  indifferent  colls  of  the  granulation  tissue,  are 
usually  graimlar,  aud  the  nucleus  is  generally  large  and  distinct.  Some 
of  these  larger  cells  which  Reoni  to  l)e  moi-e  or  le.'w  directly  concerned  in 
the  foiTuation  of  intercellular  libi'cs  are  called  j?6ro6/n^jt  (Fig.  48). 
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As  the  granulatiou  tissae  grows,  new,  small  spheroidal  cells  are  gath- 
ering by  proliferatiou  or  by  contiuued  emigratiou.     Some  of  these  par- 
ticipate in  the  formation  of  the  grauulatioD  tissue,  while  otliers,  not  fiiid- 
iag  oonditions  suitable  for  their  fur- 
ther defelopment,  or  even   for  their 
contiimetl  existence,  die  and  pass  off 
on   the  surface,  together   with   some 
ti-ausuded  fluid,  as  pus. 

The  jiolynuclear  leucocytes  do  not 
apparently  share  iu  the  formation  of 
new  tissue.     Whether  this  is  lai^ly 

or  wholly  deriveti  from  small  spher-  '■«■  «--fibw>blastb  of  kkw  coNNscnvB 
oidal  cells  which  may  result  from  ^^  ^  „„„,.^  „™jonn«i  in.«t*iiuiB 
proliferation  of  old  connective-tissue  """^i*- 

eell.s  or  whether,  as    is   now   coufi- 

dently  claimed  by  many  observers,  the  emigrated  lymphocytes,  assum- 
ing the  characters  of  "plasma  cells"  (see  page  103),  may  be  also  con- 
cerned, is  not  yet  certain. 

Cicatricial  Tiiane. — The  new  tissue  gradually  becomes  more  and  more 
den.><e.  the  intercellular  substance  wore  abundant,  while  the  cells  decrease 
in  nnniber  and  become  flatter  and  less  conspicuous.  Theepitheliummay 
now  grow  over  from  the  sides,  forming  by  mitosis  from  the  old  epithe- 
lium at  the  edges  of  the  wound  (Pig.  49),  and  finally  cover  the  new 
vascular  tissue.  The  new  tissue,  having  at  last  undergone  more  or  less 
shrinkage,  M-ith  atrophy  of  the  blood-vessels,  consists  of  a  dense,  firm 


FiO.  4ft.— HKAi-r.-id  WoLNft  in  the  Tongvk  or  A  Doo. 

Then"  WHO  Ian  nt  Mibrtani*  -musplc  nbmus  llasue,  and  surfaoe  PplUiellum.  The  loBl  llmiie  has  been 
rt-pUU'eilh.vlbFVBHiiliirimkniiliiirontLwiip  which  Is  oldrxl  and  mmtileiue  Intheclevper  ponloriR.  whlli^  on 
IhKnurfai'''  la  a  layer  of  tlwue  dptrllus,  pus  rells,  elc..  partly  dried  aiid  formlnR  s  scob  over  Uie  granulatloiu. 
.Sew  epIibelluDi  M  iiremlnff  rurvsnl  [mm  tbe  old  at  the  edgea  over  Ihe  aarlaee  of  the  Dew-formed  tissue. 

mass  composed  largely  of  fibrillar  basement  substance  with  a  few  flat- 
tened cells  (Fig.  50);  and  with  this,  which  is  the  cicatrix,  the  healing  is 
complete. 

Variation!  in  the  Healing  Procese.— Although  iu  the  production  of  new 
tissue  in  connection  with  or  following  exudative  inflammation  essen- 
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tially  the  same  processes  are  involved  in  all  cases,  there  are  yet  very 
marked  differences  in  the  degree  in  which  the  different  factoi-a  share. 
Thus  the  vascular  and  exudative  phenomena  may  predominate  and  verj- 
large  quantities  of  .serum,  fibrin,  or  pus  collect,  while  the  amount  of 
new-formed  tissue  may  be  insignificaut.  The  production  of  a  large 
amount  of  exudate,  particularly  of  pus  cells — luppufation — uHually 
marks  the  presence  of  micro-oi^anisms  whose  locally  elaborated  poisons 
complicate  or  retard  the  healing  process.  In  other  cases  the  formation 
of  new  tissue  is  the  dominant  feature,  and  the  production  of  exudates 


E  FROM    UKAUED    WorND. 

seems  to  be  almost  entirely  subordinated  to  this  end.  The  process  of 
repair  which  is  complicated  by  exudative  inflammation  or  effected  only 
by  the  gradual  formation  of  a  considerable  amount  of  new  tissue  is  called 
by  surgeons  healing  by  "second  intention." 

The  distinction  between  healing  by  first  and  second  intention,  which 
is  of  practical  importance  in  surgery,  is,  from  the  pathological  stand- 
point, only  a  quantitative  one:  for  the  restitution  of  the  parts  to  the 
healthy  condition  is  in  both  cases  brought  about  by  exudation,  and 
proliferation  of  cells  usually  under  the  influence  of  vascular  changes; 
but  in  one  case  the  latter  changes  are  very  slight,  in  the  other  more  or 
less  extensive. 

There  is  much  variation  in  the  formation  of  grainilation  tissue.  Thus 
sometim<>s  the  body  cells  n'spond  but  feebly  to  the  unusual  con- 
ditions, and  neither  cell  proliferation  iior  blood-vessel  growth  is 
a«-tive.  On  the  other  hand,  the  development  of  blood-vessels  may  be 
excessive,  while  other  tissue  fonnation  lags.  Under  these  conditions, 
loops  and  tangles  of  thin-walled,  contorted  new  vessels  may  project 
from  the  granulating  surfiice,  while  useful  tissue  formation  reniaius  in 
abeyance  (Fig.  51).  The  result  of  this  disproportionate  growth  of  ill- 
formed  blood -\essel8  is  the  exuberant  graimlations  which  fhe  sui^eon 
frequently  renio\'es  from  unhealthy  healing  surfaces.' 

Cavities  formed  by  abscesses  or  by  necrosis  in  any  part  of  the  body 
may  be  filled  np  and  their  sides  drawn  together  in  a  cicatrix,  by  the 
formation  of  a  provisional  mass  of  granulation  tissue  similar  in  charac- 
ter to  that  which  grows  in  external  wounds.     So,  similarly,  cysts  may  be 

lie  see  ReinlxKh,  Zicglur-a  Beitr.,  Bd.  30. 
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obliterated  nud  ulcers  partially  filled  and  drawn  into  uicatiivial  healing. 
Lai^  free  snrfaceM,  like  the  plenra  and  the  peritoneiiin,  may,  through 
the  iIlter^'enlion  of  grannlation  tissue,  pass  from  the  denuded  condition 
of  an  itctive  exndative  iuflanimatiou,  either  with  or  withont  adhesions, 
into  a  condition  which,  though  by  no  means  a  return  to  the  normal,  we 
yet  designate  aa  repair. 

The  so-called  organization  of  a  thrombus  in  a  blood-vessel  is  brought 
abont  by  processes  practically  identical  with  those  which  have  just  been 
described  in  the  formation  of  new  tissue  in  reparative  inflammation  in 
an  external  wound.  The  endothelial  cells  of  the  vessels  and  the  con- 
nective-tissue cells  in  their  walls  proliferate,  new  blood-vessels  develop 
liy  sprouts  from  the  already  existing  smaller  vessels  in  their  wallH  or 
close  about  them.     The  new  cells  and  new  blood-vessels  thus  derived 


gradually  penetrate  Ihe  clot  forming  new  connective  tissue,  which  re- 
places step  by  step  the  fibrin  and  blood  which  are  gradually  softened  by 
autolysis  and  absorbed  or  removed  by  phagocytes. 

The  part  which  the  thrombus  plays  in  its  so-called  organization  is 
thus  a  wholly  pa.ssive  one.  It  iicts  only  as  a  temporary  supporting  text- 
ure for  the  de^■elopment  of  the  new  tissue  deriveil  from  other  sources 
which  step  by  step  replaces  it. 

Hyperplasia  and  Interstitial  Inflammation. 

Hyperplasia  of  the  fibrous  interstitial  tissue  of  the  internal  organs  and 
other  parts  of  the  body — as,  for  example,  in  the  liver,  kidney,  heart, 
nervous  system,  etc. — is  of  frequent  occuiTence  and  is  usually  associated 
with  changes  in  the  parenchymiv.  In  soineciusett  the  formation  of  fibrous 
tissue  clearly  follows  evident  and  often  acute  infiammatory  processes  and 
bears  the  same  relation  to  antecedent  reaction  to  injury  that  the  cicatrix 
in  a  healing  wound  does  to  the  granulation  tissue  from  which  it  is 
formed.     In  other  case."  it  is  associated  with  long-continued  hyperfemia— 
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cLronic  coiigeHtioii — of  the  organ  involved.  Again,  gradual  hyperplasia 
of  the  interstitial  tissue  takes  place  by  the  slow  increase  of  cells  and  stroma, 
without  evidence  of  an  active  cell  proliferation  or  marked  involvement 
of  the  blood-vessels.  Finally,  hyperplasia  of  the  interstitial  tissue  may 
be  and  probably  usually  is  secondaiy  to  damage  to  or  atrophy  of  the 
parenchyma,  as  in  the  spinal  cord  after  degeneration  in  ner\e  tracts  or 
in  the  heart  after  damage  to  the  muscle  fibres.  In  such  cases  it  is  ofteu 
spoken  of  as  replacement  hyperpJaim.  Th^e  forms  of  fibronstissne 
hyperplasia  will  be  considered  with  more  detail  in  the  sections  dealing 
with  the  special  lesions  of  the  viscera.  They  have  all  been  usually  re- 
garded OR  marks  of  inflammation.  Some  of  them  unquestionably  are 
so;  ooncerning  others,  doubt  will  continue  until  our  knowledge  as  to 
their  exci^uts  considerably  increases.  In  the  mean  time  the  term^ro- 
sU  is  sometimes  applied  to  the  results  of  fibrous-tissue  hyperplasia,  though 
this  is  still  most  commonly  included  among  the  inflammatory  processes. 
Those  important  phases  of  iaflammation  which  are  due  to  damage 
from  special  forms  of  micro-oi^nisnis  will  be  considered  in  detail  in  the 
chapter  of  this  book  devoted  to  the  Infectious  Diseases.' 

Special  Fhaeea  of  Inflammation. 

The  several  phases  of  the  inflammatory  process,  which  we  have  now 
considered,  are  fairly  typical  of  the  reaction  of  the  living  body  to  various 
forms  and  degrees  of  injury.  If  we  look  at  them  together  and  seek  to 
gather  their  dominant  features,  we  find  that  the  changes,  varied  as  they 
are  in  character  as  well  as  in  degree,  are  mostly  of  three  kinds:  first, 
those  in\'olving  a  greater  or  less  amount  of  degeneration  or  necroaU ;  sec- 
ond, those  involving  local  disturbances  of  the  circulation,  as  well  as 
alterations  in  the  distribution  and  character  of  the  fluid  and  cellular 
elements  of  the  blood — exudatire  changes;  and  third,  regenerative,  produc- 
tive, or  cp/xow/iiv  changes. 

Of  these  three  groups  of  alterations  in  inflammation  those  involving 
the  blootl-vessels  and  their  contents  are,  in  a  clinical  sense,  most^striking 
and  chai-acteristic,  and  to  many  seem  to  dominate  the  inflammatory  proc- 
esses. But  in  fact  all  are  closely  associated.  The  various  phases  of 
inflammation  depend  upon  the  nature  and  extent  of  the  injury,  the  in- 
herent reacti\e  vigor  of  the  cells,  and  the  character  and  position  of  the 
tis.sue  iinolved. 

Special  names  ha^e  been  attached  to  \-arious  forms  of  the  inflamma- 
tory process,  descriptive  of  the  feature  which  from  the  particular  stand- 
point of  the  observer  seems  most  striking  or  important.  Some  of  the 
names  are  descriptive  of  clinical  symptoms,  some  express  the  duration 
or  character  or  situation  of  the  lesion,  some  seek  to  imply  more  or  less 
well-founded  views  of  the  nature  of  the  process.     Thus  among  the  fonns 

'  For  a  sugfj^Rtivp  nod  interpsting  cousidemtion  nt  itip  relatii>iisli1p  between  luflant- 
luation  and  various  forms  of  "fibrosis"  sm  Aiinm.  Mi<ldk(on  OoIdsinitL  Lectures,  Med 
cal  I{c(;onl,  Mnrcli  14  iind  21,  and  \]m\  4  and  11.  1896. 
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of  i'XudatiTe  inflammation  those  in  which  the  extravtisated  Rerous  fluid 
Ls  the  most  marked  feature  are  often  named  serotui  inflamnuUions.  If 
librin  predominate,  it  is  called  Urinous ;  if  as8ociate<l  with  much  blood 
estravasatiou,  it  is  termed  h<Fmorrhagie.  When  the  a^ncies  are  present 
whioh  indnoe  the  necessary  vascular  changes  and  promote  the  eniigratiou 
and  gathering,  and  often  the  destruction,  of  lencocytes  in  considerable  or 
lai^  nimibers,  ne  have  a  suppuratire  or  purulent  infiammation.  If  mncli 
tissne  death  be  associated  with  the  process,  it  is  named  necrotic  inflam- 
mation. 

Again,  if  certain  mucons  membranes  or  mucous  glands  be  subjected 
to  the  inciting  agencies,  they  may  respond  by  an  overproduction  of 
mucns  as  well  as  by  an  increase  or  death  of  cells;  this  is  mucous  or 
<-»f<irrhal  iujlammatiou.  Finally,  these  various  forms  of  exudate  may  be 
produced  simultaneously,  whence  arise  such  compound  designations  as 
)ier<ipurulcHt,  mucopurulent,  etc.,  inflammation.  Inflammation  with  the 
formation  of  new  tissue  is  caWed  producfit-e  or  reparative. 

Local  inflammation,  especially  when  incited  by  micro-organisms,  is 
often  associated  with  sj'Stemic  infection  dne  to  a  distribution  of  the  in- 
citing agents  through  the  body.  This  condition  will  be  considered  in  the 
chapter  dealing  with  the  Infectious  Diseases  (see  page  202). 

It  has  seemed  wise  to  many  to  attempt  to  draw  a  sharp  distinction 
lietween  those  phases  of  inflammation  which  involve  only  the  d^ener- 
ation  of  tissues  or  the  redistribution  of  already  formed  tissue  elements — 
— serum,  fibrin,  and  blood — and  those  phases  which  are  productive  or 
reparative.  But  while  this  attempt  aims  at  the  recognition  of  a  biologi- 
cal distinction  of  fundamental  importance,  it  encounters  the  great  prac- 
tical difficulty  that  both  phases  of  the  reaction  of  tissues  to  injurj',  the 
exudative  and  the  productive,  occur  together,  so  that  none  of  the  named 
classes  of  Inflammation  represent  simple  and  unmixed  forms  of  tissue 
reacti<tn.  The  important  thing  is  to  conceive,  as  clearly  as  our  knowl- 
edge permits,  the  imtnre  of  the  processes  which  underlie  these  various 
manifestations  of  disturt)ed  cell  function  and  their  associated  tissue 
alterations.  Then  the  names  may  serve  useful  temporary  ends  at  least, 
without  implying  too  much  or  concealing  too  little  knowledge. 

Survey  of  the.  Inflammatory  Frocees  and  its  Significance. 

If  now,  from  the  vantage-ground  which  we  have  won  by  our  snriey 
of  various  typical  phases  of  inflammation,  we  seek  to  gain  au  insight  into 
the  forces  which  dominate  the  varied  processes,  we  note  at  once  that 
from  first  to  last  the  cell  and  tissue  performances  in  inflammation,  how- 
ever exaggerated  or  perverted,  aiv  only  the  expi-ession  of  physiological 
capacities  which  belong  to  the  structures  involved.  Thus  the  contrac- 
tions and  dilatations  of  the  vessels  are  paralleled  in  health.  The  exuding 
of  fluids  through  their  walls  occui's  by  processes  akin  to  those  by  which 
blood  pressure,  osmosis,  and  selective  filtration  in  endothelial  cells  main- 
tain the  initial  circulation  into  and  through  the  tissue  si>aces.     Emigra- 
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tioii  is  a  physiological  pro<*es«  which  we  tiiid  ext-essive  here,  because  there 
am  atnictural  alterations  in  the  walls  of  the  veasels  which  permit  a  freer 
exit  of  the  cells,  and  tjeeaiise  there  are  also  present  new  and  active 
chemical  agents  which,  just  as  in  normal  coiiditious  though  in  exagger- 
ated fashion,  excite  and  control  the  movement  and  direction  oi'  the  leu- 
cocytes. The  healing  processes,  complex  as  they  seem  to  be,  are  actually 
but  a  rehearsal  nnder  unusual  and  often  diflicnlt  conditions  of  cell  and 
tissue  formation,  which  is  chai'acteristie  of  the  normal  penod  of  develop- 
ment. Phagocytosis  is  a  factor  of  the  greatest  importance  in  the  normal 
as  well  as  in  these  abnormal  performances  of  the  b«»dy  cells. 

The  degenerative  phenomena,  among  which  must  be  reckoned  the 
formation  of  fibrin,  are,  as  we  have  seen,  incidental  rather  than  priniaiT,- 
factors  in  infiammation. 

Thus  in  all  the  manifold  manifestationsof  abnonual  cell  performance 
in  inflammation  we  find  no  new  functions,  no  new  cell  capacities. 

We  are  now  brought  face  to  face  with  the  final  question :  What  does 
inflammation  meant 

In  those  phases  which  invol\'e  the  repair  of  wounds  and  the  regener- 
ation of  lost  tissues  it  is  not  diflicnlt  to  recognize  conservative  and  bene- 
ficial processes.  But  how  is  it  with  those  phases  of  iunammation  in 
which  the  blood-vessels  are  lai^ly  involved  and  exudates  forniMl — 
serum,  fibrin,  and  pust  Are  we  to  be  contenteil  here  with  a  simple  sum- 
mary of  the  phenomena  and  with  the  recognition  that  these  are  the  results 
of  exaggerated  or  physiological  cell  and  tissue  i)erfonuance8  in  the  face 
of  injury  t  Or,  on  the  other  hand,  is  there  reason  for  the  belief  that 
these  abnormal  manifestations  of  cell  life  in  the  presence  of  an  unusual 
and  deleterious  environment  may,  after  all,  be  in  Ihe  main  consenative 
in  their  nature,  and,  even  as  normal  cell  functions  do,  tend — within  the 
limitations  of  an  emergency— to  the  welfare  of  the  individnalt 

In  the  hope  of  gaining  some  light  upon  this  question  let  us  look  a 
little  more  closely  at  the  part  which  the  exudates  play  in  exudative  inflam- 
mation ;  and  first  at  the  leucocytes. 

It  was  through  the  painstaking  and  brilliant  studies  of  Mt^tschnikoff ' 
that  attention  was  directed  to  the  importance  in  this  connection  of  coni- 
parati\e  studies  upon  the  comportment  of  lower  forms  of  life  in  response 
to  injury. 

It  was  found  that  amteba,  one  of  the  simplest  of  oi^nisms.  when  cut 
in  two  may  undergo  complete  restitution  of  the  part  containing  the  nu- 
cleus, provided  the  latter  l>e  uninjured.  Tlie  ivnuiining  portion  may 
live  for  a  time,  but  ultimately  dies.  Furthermore,  it  was  fouud  that 
am(Eba  and  otbei'  lowly  forms  of  living  beings  an'  capable,  by  the  u.se  of 
their  simple  digesti\*e  processes,  of  destroying  micn>- organ  isms  which  are 
taken  into  their  interior  and  which  might  othei'\t'ise  damage  or  kill  them. 
Thus  it  was  established  that  the  digestive  mechanism  may  become  pro- 
tective in  lowly  oii;anized  cells. 

Rising  in  the  scale  of  living  beings,  it  is  found  that  in  forms  in  which 
^Melichniki'ff.  -CompiirHUvcPHtlL..li>gj<if  jTiHaniiiinrfoii."  English  traualaliua,  1893. 
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considerable  differeiitiatiou  of  some  of  the  GeU»  haa  taken  place,  whether 
there  be  a  distiuct  circulatory  apparatus  or  not,  certain  other  cells  are 
left  in  a  more  primitive  state:  these  are  ph^ocytic  and  cau  iugeflt  or 
otherwise  destroy  deleterious  material. 

When  we  come  tu  man  and  other  warm-blooded  animals,  it  is  upou 
the  lencocj-tes  which  have  retained  so  many  of  the  capacities  of  undiffer- 
entiated protoplaHin  that  attention  is  e»j>ecially  concentrated.  It  has 
been  found,  as  we  have  already  seen,  that  the  movement  of  leucocytes 
may  be  directed  towai-d  (sometimes  from)  chemical  substances  set  free 
in  their  vicinity.  This  chemotaxis  is  frequently  manifested  in  the 
vicinity  of  dead  cells  or  tissues  which  are  the  seat  of  destructive  me- 
tabolism. But  it  is  esi>ecially  in  relation  to  micro-organisms  of  various 
forms  that  chemotaxis  in  the  lencocytoK  is  of  the  highest  significance  to 
us  here. 

Highly  virulent  niicro-oi^uisrns  may  for  a  time  rei>el  tlie  leucocytes, 
prot>ably  through  negative  ebeniotasis,  but  these  may  later  approach 
them.  On  the  other  hand,  leucocytes  most  often  inignite  toward  bacteria 
which  have  gained  entrance  to  the  body.  It  hasl>een  pioven  that  leuco- 
cytes, especially  the  polynnclear  neutrophiles,  le-ss  frequently  large 
mononuclear  forms,  may  take  into  their  interior  »nd  destroy  living 
bacteria.  Dead  bacteria  also,  as  well  as  other  iuei't  material,  they  can 
engulf  and  destitvy. 

This  cai>acity  of  leucocytes  and  other  ine»odermal  cells — endothelia, 
etc. — to  take  up  living  baeteria  and  kill  and  digest  them  was  i>er8istently 
and  ably  urged  by  Metschnikoff  and  his  pupils  as  the  chief  protective 
agency  in  the  body  against  bacterial  incursions,  and  to  these  observeiw 
all  the  other  phenomena  of  inflammation  formerly  seemed  of  secondary 
importance.  But  it  was  soon  shown  that  this  extreme  view  is  not  cornn't. 
For  it  was  demonstrated  by  mai-y  observi-rs  that  the  bi>dy  fluids,  esi>e- 
cially  blood  serum,  is  caitable  ot  killing  bacteria  with  which  they  come 
in  contact.  \Vhen,  however,  this  remarkable  quality  of  the  body  fluids 
was  investigated,  it  was  found  that  it  is  most  pronounced  under  c(nidi- 
tious  which  involve  the  breaking-down  of  leiK'oejies  or  the  liberation  of 
the  destructive  snbstances  into  the  fluids.  It  was  jiossible  now  to  demon- 
strsdc  that  the  leucocytes  do  in  fact  contain  a  gennicidal  proteid  sub- 
stance or  substances.  These  snl>stances,  which  appear  to  be  closely 
associated  with  or  related  to  nucleinic  acid,  have  l>een  calleil  "alexines" 
or  "protective  proteids." '  It  hsus  iK-eii  further  demonstrated  that  while 
the  eosinophile  cells  may  move  toward  bsicteria,  thej'  are  not  phjigocytic, 
but  may  set  free  granules  which  apijear  to  favor  the  destruction  of  the 
genns. 

It  thus  appears  that  the  earlier  view  of  the  almost  exclusive  impor- 
tance of  phagocytosis  is  not  sustained,  but  that  even  more  than  in  the 
action  of  living  phagocytes  the  protective  agencies  are  to  be  sought  in 
the  tM)dy  fluids.  But  it  is  also  clear  that  the  protective  capacities  of  the 
body  fluids  are  the  result  of  cell  activities,  as  indeed  might  have  been 
'For  further  considemlion  of  this  subject  sec  p.  181. 
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inferred  in  advance  of  the  long  line  of  careful  experimi^nts  which  finally 
led  to  the  demonstration. 

The  iniportauce  of  this  protective  power  of  the  hody  cells  and  body 
fluids  is  not  exhausted  with  tlieir  germicidal  action.  For  not  less  sig- 
nificant is  tlie  i-dle  which  these  may  assume  in  the  establishment  of  other 
phases  of  innnuiiity  to  the  incursiou  of  micro-organisms.  This  will  lie 
considered  later  in  the  general  survey  of  the  infectious  maladies  (p.  175). 

If  now  one  seek  for  ways  in  which  tlie  other  exudates,  serum,  and 
fibrin  may  be  useful  to  the  individual,  it  is  obvious  that  in  the  dilution 
of  locally  engendered  poisons  and  in  their  removal  from  a  vulnerable 
region  the  fluid  may  at  times  be  Iteneficial.  Fibrin,  too,  by  closing  inflam- 
matory foci,  through  temporary  adhesions,  or  by  the  sealing  of  absorbent 
surfaces,  may  limit  the  extension  of  injurious  agents,  as  is  so  fi'equently 
the  case  in  local  infectious  injuries  in  the  peritoneal  and  pleural  canities. 
That  the  regeneration  and  repair  of  tissue  which  may  be  associated  with 
or  follow  the  more  active  phasesof  inflammation  are,  as  a  rule,  lieneficent. 
is  not  doubtful. 

There  is,  of  course,  another  side  to  the  matter.  For  new  cicJitricial 
tissues  which  have  formed  in  the  process  of  repair  may  be  so  situated  as 
to  cause  serious  impairment  of  functional  performance  or  even  fatal 
strictures.  The  gathering  of  leucocytes,  too,  may  be  so  exces-sive  and 
their  proliferation  so  extreme  as  to  lea<l  to  delayed  healing  or  to  serious 
exhaustion  from  suppuration.  But  notwithstanding  these  irregularities 
and  failures  there  seems  to  be  good  reason  for  the  belief  that,  on  the 
whole,  the  processes  involved  in  indammation  are  couser\'ative,  and, 
within  the  limitations  which  may  be  set  l»y  the  varied  and  changing  con- 
ditions of  injuiy,  tend  to  maintain  the  welfare  and  sustain  the  life  of  the 
individual. 


CHAR&OTEBIZATION  OF  THE  INFLAMMATOBT  PROCESS. 

The  general  conception  of  inflammation  which  we  have  just  set  forth 
looks  beyond  the  gross  manifestations  of  disordered  functiou  and  altei'ed 
structure,  by  which  it  was  originally  marked,  and  l>eyond  the  complex 
and  varied  expression.s  of  ahermnt  cell  activities,  with  which  our  later 
science  has  mostly  dealt,  to  the  fnndamcutal  qualities  of  living  substance. 
And  thus  at  hist,  with  the  heart  of  the  subject  in  view,  a  chaiacteriKatiou 
of  inflammation  l>ecomes  possible  which  is  suggestive  and  useful,  though 
it  may  not  indeed  be  flnal.  Perhaps  among  many  such  characterizations, 
that  of  Adami '  is  on  the  whole  the  most  clear  and  precise,  and  with  him 
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Id  TAainii'i  work  on  "Gk'ncral  PatlioloKv."  vol.  i..  is  a  clear  cxijosiiion  of  lliii  \ari- 
i>us  processes  concpmcd  tn  inflnmniitlion.  whli  a  fuller  rcwtgnition  tlian  is  conunonly 
accunlcil  l<i  them  of  the  meclianicul  fncti>rs  involved.  Id  IioiTi  of  tlie»e  works  tKe  more 
important  bibliograpliy  may  be  found. 

For  bibliography  aud  critical  resume  of  stiiJies  on  pathological  organization,  in 
flammation.  etr.,  Kce  Jiortt.  Liibarsrb  ami  Oslertag's  Ergciinisse.  Jalirg,  iv.,  for  1887, 
p.  461.    See  also  references  under  Bcgciienition,  page  94,  and  under  Tumors,  page  a(i2. 
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we  may  at  preseiit  wisely  cousider  iuflatnmatiou  as  "  the  local  attempt  at 
the  repair  of  injnry."  The  fundamental  couception  upon  which  this 
characterization  is  bafied  is  that  inflammation  is  au  emergency  measure 
incited  by  injury,  in  which  the  body  adapts  to  unusual  ends  um  l>e8t  it  cau 
mechanisms  and  powers  normally  maintained  for  other  purposes. 

This  view  of  inflammation,  however  much  it  may  be  modified  as  our 
knowledge  grows,  recognizes  a  far-reat-hing  significance  in  the  complex 
processes  involved.  And  while  throwing  light  upon  the  practical  prob- 
lems of  the  physician,  it  points  the  way  to  a  broader  conception  of  other 
abnormal  conditions  in  which  also  the  adaptatiou  of  physiologica.1  cell 
capacities  to  new  conditions  seema  to  furnii*  a  clew  to  many  manifesta- 
tions of  disease  as  yet  but  little  understood.' 

"Sov  that  we  ha\e  gained  a  couception  of  th((  inflammatory'  processes 
in  general  and  some  clews  as  to  their  significance,  it  does  not  seem  ne^-es- 
sarj-  to  enter  hei-e  upon  a  detailed  description  of  the  variations  which  they 
present,  since  tliese  are  lately  influenced  by  tlie  character  of  the  incit- 
ing a^nts  and  by  the  situation  in  which  they  act.  Such  details  as  may 
fall  within  the  scope  of  this  work  are  given  in  the  section  dealing  with 
micro -oi^n isms  as  inciting  factors  in  disease,  and  in  the  part  dealing 
with  the  lesions  of  special  organs. 
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CHAPTER  V. 

ANIMAL  PARASITES. 
Protozoa. ' 

This  class  of  iiuicellular  organisms,  some  of  which  Ix^luitg  i"  t'lP  bor- 
derland between  plants  atid  animals,  aiv  t'oi-  the  most  part  microscopic, 
though  a  few  forms  ai'C  luigc  eiioiigli  to  be  visible  to  the  naked  eye. 
Many  of  them  are  parasitic  in  nian,  though  few  forms  are  as  yet  of  known 
pathogenic  significiiiice.  There  is,  however,  much  re^ison  for  the  grow- 
ing belief  that  many  forms  are  the  inciting  factors  in  some  of  the  serious 
infectious  diseases  whose  etiology  is  still  obscure. 

The  protozoa  may  be  divided  into  foui'  classes; 
I.  Sarcodina  or  Kkizopoda. 
II.  Mastigophoka. 

III.  Spokozoa. 

IV.  INFUSOKIA. 

I.  SaR(x>dina  (RhMopo^). 

The  protozoa  of  this  class  are  the  simplest  in  structure  and  move 
about  or  feed  by  Ihe  protrusion  of  broad  or  slender  processes  called  pseu- 
dopiwiia.  Keproduction  takes  jilsK-e  by  simple  division  and  by  spore  for- 
mation. One  of  the  lowest  ordei-s  in  this  chusscont^ns  forms — Aniii'lm 
—which  are  i>arasitic  in  man. 

The  Aiucrba  colt  (-Vinwba  dysenterica,  Councilman  and  Lafleur)  is  of 
consideral»le  i>alhological  significance.  It  has  been  rejieatedly  found  in 
lU'ute  and  chnniic  dysentery',  in  the  intestinal  contents,  at  the  bottom  of 
the  intestinal  ulcers,  and  in  the  seeoiKlai-y  abscesses,  especially  of  the 
liver,  which  ma^'  accompany  ulcerative  colitis.  The  amcelHi  is  believed 
to  be  the  inciting  factor,  in  some  ciisc.s,  in  both  the  primary  ulcerative 
colitis  and  its  conipliciiting  absctesses  tsee  p.  555). 

The  AnuelKi  coli  (Fig.  52)  is  a  spheroidal  cell,  from  five  to  eight 
times  the  diameter  of  a  red  blood  cell,  with  gninular  protoplasm  and  a 
vesicnlai'  nucleus.      It  oft(?n  conttiins  larger  and  smaller  litcuolea,     Fiv- 

'  For  11  ruaunie  of  our  pruspnt  knowlfiigeof  Hhj  jmnisilic  ami  oilier  imilo/.on.  ronsiill 
i'ltlkiiu,  "Tlie  Protiizoa,"  1903:  ulso  Maiiiinlieri/.  I^ulBirscli  tiiid  OsterUfj's  ■" Erg«bnissi' 
iWrallg,  Ac  tiolo  );ki  (Icr  men  sell  Ikli  I'll  unit  Thi<'rkiBiikl]elti.'n."  Jahr);.  t,  Ablh.  1.  p.  916. 
]8B«:  Aru^ein  PIQgftc'H'Mikronrjniniamcti,"  vol.  Ji. :  W/ri**.  "PnitoKOrt  and  Disetise." 
1908:  and  Ddjltin  auil  r.  J*roinizek  in  Kollo  an<l  WaKsi^nnann's  " Ilanilbiich  Act  Mikro- 
urgaajsmen."  Bd.  i.,  S.  86fl. 
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qiieiitl.v,  I'speeially  when  the  aniceba  is  active,  a  portion  of  the  proto- 
jtlasm  appeal's  almost  honw^iieous* — eetosafc— while  the  rest — eiidosaro 
— is  graunlar.  Wlieii  ino\'iiig  it  assiiiiies  various  forms,  thrusting  out 
iiiid  withdrawiiig  nearly  hnniogeueoiis  |)seudoiK)dia.     It  may  also  change 


its  shape  witliout  progi-essive  movement.  It  occurs  in  acute  and  chronic 
dysentery,  fi'cquently  in  Efeypt,  occasionally  in  Russia,  and  is  often  seen 
in  the  Tnitwl  States.' 

Other  species  of  amoeba  have  been  found  parasitic  iu  the  human 
mouth,  liilestiues,  and  bladder. 

II.   Mastigophora, 

These  organisms,  many  forms  of  which  are  closely  i-ehited  to  the  8ar- 
cMiiUH,  nn-  of  definite  or  changeable  stia]>e,  with  or  without  a  membrane : 
-some  are  pantHitic,  some  saprophytic.  They  iire  characterized  by  the 
possession  of  one  or  more  motile  flagella.  They  are  frequently  groui>ed 
in  colonies. 

Among  the  flagellate*!  protozoa,  the  gn>iip  of  Tri/p<inoni>t>ie»  are  of 
much  significance,  as  jianiHites  in  frogs  and  other  cold-blooded  as  well  as 
ill  warm-bliKxIed  animals.  These  organisms  are  fusiform  in  outline, 
with  a  single  flagelluni  and  an  nndulatory  membrane.  They  have  l>et'n 
long  known  in  the  blood  of  i-ats  and  are  of  frequent  occurrence  iu  cattle, 
hoi-sfs,  d<igK,  and  other  related  animals.  Among  the  recognized  diseiises 
of  animals  Ijelieved  to  l>e  due  to  trypanostmies  are:  Xagana — tiietset.se- 
tlydisi-HM':  Surra;  and  several  other  nmlndies  of  wild  and  domestic 
auininis  of  subtropical  and  tropical  regions.  TryiKinosomata  api>ear  to 
Im-  cinnnion  in  wild  rats  iu  all  countries.  .V  low  c:ust>s  of  tryjtanosomatic 
infection  in  man  iu  Africa  arc  I'cconled.     Xovy  and  McXe-.il  have  n-- 

'  Wi'  reti.T  for  further  dclitils  miK-i'rniiijr  tlic  Aiiin?lia  coli  to  the  work  of  Coiiiiril 
Huiii  iiiul  LaJUiir  on  "  Anicrbk;  nv^fntcrv."  .loliii*  llopkiiis  Ilospilal  Iteports,  vol  ji..  p. 
395.  1891.     For  a  method  oF  diffci'i'iitial  slaiiihig  "f  ilic  .Viiiii'Im  eoli  sec  Mitllory.  Joiir- 

nftl  of  Ex iM-rimentiil  Muiiidiic,  vnl.  ii.,  p.  529,  1897. 
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oently  sacceeded  in  the  artificial  ciiltiii-e  of  the  Trypanosoma  leunM  of  the 
wild  rat '  and  of  T.  bmcei  of  the  tsetee-fly  disease.' 

Cerconumas  iTUesiinalis  is  a  pear-shaped,  flagellate  structure  (Fig.  54), 
about  0.012  mm.  long,  making,  when  alive,  rapid  movements.  It  has 
been  found  in  the  evacuations  of  persons  suffering  from  cholera,  typhoid 
fever,  and  diarrhoea. 

Trichomoaas  vaginalis  has  au  oval  or  pear-shaped  body  from  0.015  to 
0.025  mm.  long,  with  a  cluster  of  flagella  at  one  eud  and  an  undulating 


^^^^ 


membrane,  frequently  mist^eu  for  cilia,  npou  the  side  (Fig.  55).  It  is 
of  occasional  occurrence  in  vaginal  exudates.  The  possibility  of  mistak- 
ing the  T.  v^nalis  for  human  spermatozoa  should  be  borne  in  mind  in 
medico-legal  examinations,  although  to  an  obser\'er  familiar  with  either 
structure  such  a  mistake  could  hardly  occur. 

Some  forms  of  Trichomonas  have  been  found  in  the  urine  of  men,  in 
the  inteetiues,  and  in  the  sputum.* 

III.  Spokozoa. 

The  sporozoa  are  all  parasitic,  living  at  some  period  of  their  life 
cycle  in  the  cells  of  their  host,  and  are  csx>ecially  characterized  by  their 
reproduction  through  encystmeut  and  spore  formation.  Many  forms  of 
the  oi^nisms,  especially  the  spores,  are  very  miuute  and  difficult  of 
identification.  They  are  widely  distributed,  being  found  as  parasites  in 
nearly  all  classes  of  aiiiuials.  They  may  invade  the  gastro- intestinal 
canal  aud  the  kidney  and  their  adne.\a,  the  blood,  muscle,  connecti\e 
tissue,  and  skin.  While  many  of  them  appear  to  be  hariuless  to  their 
host,  others  may  do  serious  damage  by  blocking  the  tissue  spaces  aixl 
thus,  or  in  other  ways,  inducing  ncei'osis,  atrophy,  or  cell  death.  Some 
forms  are  wholly  intracellular,  others  remain  for  only  a  part,  of  their  life 

'  Fur  a  resume  of  trypanoeonialic  iiifcrtions  uii<l  the  nietliods  of  artificial  culture  of 
protozoa,  see  Meyeiil  an<l  A'ory,  in  "Contr.  to  Mtd.  Itcsearcb,  Vaughan  AuuiverBarv 
Volume,"  1903.  p.  S49:  fur  discu^oti  of  trypanoaoniiasis  in  man,  ace Manxm,  BHt.  Mc<l. 
Jour.,  Sept.  19tb.  I9U8,  |>.  64S:  for  a  ntiidy  willi  bibliography  of  Trvpanosoma  lewist. 
«ee  Franrit,  Bull.  Xo.  11.  Hygienic  Laboratory,  Public  Health  and  Marine  Hospital 
Serrfce,  U,  8.  A.,  1903.  For  a  study  of  trypnnosomiasis  with  special  refereoce  to  ser- 
vice in  the  Philippitic  Islanils.  see  3tfiiipvire&ad  Clrgg,  Department  of  Interior,  U.  8.  A., 
Bureau  of  Qovernment  lialMratories,  1908. 

'  A'city  and  McNeal,  Journal  of  Infectious  Diseasea,  vol,  i.,  1903,  p.  1. 

'For  original  studies  of  Trichonionas  with  liistorical  summary  and  btbliogTHphv. 
see  liofk.  Am.  Jour.  Med.  8e.,  vol.  cxi..  p.  1,  1896. 
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cycle  within  single  forms  of  cells,  passing  then  to  other  cells  or  to  the 
body  cavities  or  to  hosts  of  a  differeut  species.  The  life  cycle  of  many 
forms  is  extretucly  complex.  On  account  of  their  strict  parasitism  and 
the  requiremeutsin  some  instances  of  an  interchange  of  hosts,  preclndiiig 
the  methods  of  culture  applicable  to  many  of  the  lower  organisms,  the 
life  historj-  of  many  forms  is  still  luiknowii  or  obscure. 

The  classification  of  llie  Sp«)rozoa  is  still  tentative,  but  one  may  con- 
veniently recognize  the  following  orders; 

1.  Gregaritue. — These  are  round  or  elongated  parasites,  some  <)f  the 
higher  form-s  presenting  partitions  in  the  cell  with  special  development 
of  one  end  for  attachment.  They  are  parasitic  in  certain  cold-blooded 
animals,  especially  the  invertebrata.  The  young  tiages  only  are  intra- 
cellular, mature  forms  occurring  in  the  body  spaces. 

2.  Tlic  Myxonporidia  are  parasitic  in  certain  of  the  invertebrates,  in 
fishes  and  batrachians.  Epidemics  among  silk  worms  incited  by  a  para- 
site of  this  cliiss  have  occasioned  serious  losses.  Many  species  are  con- 
cerned in  diseases  of  fish,  in  which  they  may  cause  exteuBive  deep  foci  of 
necrosis  and  ulceration.  Cytoryctes  variolte,  believed  to  be  the  organism 
inciting  small i>ox  (see  p.  275),  is  described  as  allieil  to  this  order  of  pro- 
tozoa. 

3.  Coeeidia, — Oi^nisms  of  this  order  are  parasitic  in  certain  of  the 
invertebrates,  in  birds,  reptiles,  and  mammals.     They  are  round  or  oval. 


usually  intracellular  parasites  having  no  free  motile  !«lidt  stage.  They 
are  most  frequently  found  in  the  epithelium  of  the  intestine  and  liver. 

One  of  the  most  common  forms  in  the  mammalia  is  Coccidium  om/orme 
which  is  of  frequent  occurrence  in  the  liver  of  the  rabbit,  forming  a 
part  of  the  contents  of  yellowish  irregular  shaped  masses,  resembling 
tnmoni,  or  in  the  form  of  cysts. 

The  parasites  surround  themselves  with  a  capsule  within  which  elon- 
gated sporozites  develop.  This  encjipsulated  form  may  be  taken  up  by 
a  new  host  in  which  the  sporozites  are  set  free  and  enter  the  epithelial 
cells  in  which  they  again  become  encapsulated. 

The  occurrence  of  Coeddiitm  ovi/oiiiie  has  been  recorded  in  the  liver, 
kidney,  and  heart-muscle  of  man. 

Another  smaller  form,  occurring  in  the  intestinal  epithelium  of  dogs, 
cats,  and  rabbits,  has  been  found  in  two  cases  in  a  similar  situation  in 
man. 
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Rixl'ord  iiud  Gilclimt '  liave  UescriLwd  in  detail  two  cases  of  proto- 
zoan (coceidoidalj  infectiou  of  the  skiu  aiid  other  oi^ns,  making  a  care- 
ful coiiipariaon  between  these  and  organisms  somewhat  resembling  them 
which  have  been  found  in  various  skin  lesions. 

4.  Sareo^ori^a. — In  this  order  of  the  Sporozoa  the  usually  elongated, 
slender  early  stage  is  found  in  between  the  muscle  fibers  and  bundles  of 
vertebrates — mouse,  hog,  and,  in  a  few  instances,  in  man.  These  are 
commonly  known  aw  the"tul)es  of  Miescher"  or  "of  Bainey."  Keni- 
furm  or  falciform  spores  are  develoi)ed.  The  adult  forms  are  spheroidal 
or  elongated.     The  life  cycle  is  not  well  known." 

5.  Hietnosporidia. — These  parasites  of  the  blood  form  a  large  group 
occurring  in  the  corpuscles  or  plasma  of  vertebnites — amphibia,  reptiles," 
birds,  and  mammals.  Some  forms  are  aiuong  the  most  important  of  the 
protozoan  i>arasites  of  man.  They  are  of  small  size ;  the  adult  form  is 
motile.  One  stage  in  the  life  cycle  is  passed  iu  the  blood  of  the  verte- 
brate liost.  Another  stage  or  cycle  may  be  passed  in  the  body  of  some 
insect,  acting  an  an  iutermc<liate  host. 

Among  the  mammalian  hteniosporidia  we  may  mention  the  htematozoa 
of  malai'ia  and  the  htematozoon  of  Texas  fe\'ei'. 

Tile  clianicters  of  the  malarial  hiematozoou,  for  which  the  mosquito 
acts  as  intermediate  host,  are  described  in  detail  ou  page  279. 

The  ha^matozoon  inducing  Texas  fever  in  cattle  was  discovered  by 
Theobitld  Smith  and  called  Pyrosoma  bigewimim.  In  one  sttige  it  is  a 
iniinite  i>yriform  organism  occurring  often  iu  pairx  iu  the  nnl  blood  cells 
of  its  host.  Free  fonus  have  been  found  in  the  blood.  While  its  life 
cycle  has  not  been  completely  worked  out,  Smith  and  Kilbourne  showeil 
that  a  cattle  ti<-k  acting  a»  an  intermediate  host  transmits  the  pai'asite 
through  her  eggs  and  larvte.  It  is  through  these  yoimg  ticks  that  frexli 
cattle  tnHiome  infecled,' 

It)  1902,  Wilsou  8U(I  (^Iiowning '  described  llic  nrciirrciiri'  of  nvoid  limlicK  in  tiji'  nil 
blnod  Of  lis  (if  pci-sons  sufTcrlag  fn>in  tlic  su-calleil  "  spotted  fever  "  cif  Moiilaiin.  Tliese 
bodies  in  fresli  liiooil  showed  anialMiid  ninvenieiilN.  These  observatious  Imve  been  co:i- 
flnncd  l>y  Wcsbronk  nnd  \iy  Anderson.  The  infection  is  believed  to  orcur  througli  llic 
bill's  of  ticks  iiuil  lliediseuse  lias  lieen,  tiierefore,  ealled  also  "tick  fever."  Further 
study  l»i  reiiiiiretl  tH'foiv  the  etiology  of  Ihfs  disease  und  the  hi  ter  vent  ion  of  tlic  tiek  can 
be  regiirded  as  cKlablislicd. 

'  Johns  lIopkiuH  Hiispilal  iie|)orlB.  vol.  i.,  ]i.  SOS,  18&6;  Bibliagra)ibv. 

'  For  H  study  iif  the  iinxhicliim  of  sarcospnridiu  in  the  mouse  sec  fhco/mld  Smith . 
Trans.  Assn.  Am.  I'hys..  v<il.  xvi.,  ii.  578.  1901. 

'Si-e  hi)i/fiHiiiiii.  "IbuniiiHiKiridin  in  Anioriciin  Reptiles  and  Balrachians,"  N.  Y. 
Med.  .lour.  January  7lh,  1S99. 

'  For  a  Kunimary  of  observations  on  Texas  fever  (Hienio^iobiuiiria  of  Cattle)  see 
KviuhI.  in  Kolle  iind  WusHi,Tinnnii's  "lliimlluich  der  Mikroorcanismpn."  Bd.  i.,  p.  1^41. 
Ilihl. 

'  WiUoii  and  Vhoipuiiig  Jonr.  Infec.  Dis..  vol.  i..  p.  81,  1903. 
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IV.    iNFUBiJHJA. 


The  infusoria  ui'e  tlie  iii(>Kt  highly  tliltViviit iskte^l  of  ttie  protozoa.  They 
have  iiuiueroiis  motor  upi>endi^e8  or  cilia,  which  may  {^eiiUBt  through 
lite  or  ill  some  fomiH  be  it'phu.'ed  in  tlie  adult  stage  by  suetoria.  They 
reproduce  chiefly  by  fifBiou,  or  budding.  .Vuioiig  the  ciliated  infu- 
soria, f^'  if  any  are  patht^euic  in  mini.     The  IMtintidium  coU  is  an 


ovoidal  organism  from  0.06  to  0, 1  mm.  long ;  it  is  a  common  parasite  of 
swiue  in  some  regions,  and  has  been  found  a  few  times  in  the  intestinal 
tract  of  man  under  conditions  which  indicated  its  ]M>ssil)le  pathogenic 
significance. 

Methods  of  Study  of  the  Protosoa. 

Tlie  protoKua  may  be  Btudk'd  in  llie  living  muilitiuii  vilhcr  iii  llic  lluiils  hi  which 
they  are  foiinil  or  ia  Un'ee-tinarter-per-cwil  snlt  wihilion.  'I'hey  may  In'  killed  and  prc- 
Rcrviil  by  atlowing  a  drop  o(  oni'-per-ccnt  osmic  adci  to  rmi  under  Hie  eover  glasw.  anil 
ri'pluetiig  Ihia  after  au  hour  by  glycerin  ligtitly  ttng[-<l  witli  eosin.  Or  tlicy  may  lie 
killed  by  sublimate  solution  anil  Btaioed. 

Many  of  the  smaller  forms  show  wetl  when  ilrietl  on  the  I'nver  glass  aiid  Hta[oe<l  by 
the  aniUii  dyes  by  the  inctboda  used  for  luu^teriu  (sl'l-  p.  152). 

The  inovementa  of  the  Aincrlia  eoli  in  the  fieeea  or  in  tbi-  contents  of  al>seesses 
which  frequently  contain  tbeiu  in  cnorinoiis  iiumlH'rs,  may  be  studied  mi  the  warm 
Kingc  in  tbri'e-quarter-per-ceiit  salt  solution.  lis  morpliulogy  may  be  siudji'd  in  tissue 
containing  it,  such  as  intestinal  ulcers,  abscesses,  etiv,  wbieli  liuve  boeu  hai'dened  iu 
alcohol  anil  stained  either  with  methylene  blue  or  liii;mato\ylin,  the  former  being  cspe 
eially  commended  by  Councilman  and  LaReur. 

The  attempts  to  obtain  pure  culliircs  of  certain  forms  of  AniU'ba  and  similar  or 
allied  forms  of  prolozoa  Iiavo  bfcn  [jartially  successful.  The  nietliod  by  which  AIcNeii! 
and  Kovy  obtained  pure  culture  of  irypanosonics,  namely,  by  the  use  of  ordinary  nutri- 
ent agar  containing  rabbils'  bl<Mid.  is  of  high  promise  In  relateil  forms  oF  proto/oa.  For 
details  uF  this  method  as  well  as  a  rt'sunie  of  the  cultivation  of  protozoa,  consult  .}feSfU 
and  H-rry,  "Contributions  to  ^lediciil  1ics<'nrch,  Vaugbaii  Anniversary  Volume,"  IWlt, 
p,  549. 


■Worms. 

TBEMATODA  (Fbike^). 
These  worms  are  Ruiiill,  flat,  tongne- shaped,  or  lesif-like  creatui-es, 
with  an  intestine,  and  a  dis<-oidii]  structure  on  the  nii<h'r  sm-face,  by 
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meanB  of  vhicb  they  attach  themselves.  There  are  several  genera  and 
species  found  in  man.  The  most  common  genus  ia  Distonui.  Of  these 
D.  hepaticam  is  of  most  frequent  occurrence  (Fig.  57).  It  is  about  30 
mm.  long,  aud  usually  occurs  in  the  gall  ducts  and  gall  bladder.  The 
embryos  are  often  attached  to  water  plants,  from  eating  which  the 
infection  is  believed  to  occur.  I>.  lanceolaluvi  is  more  slender,  pointed 
at  the  euds,  8  to  10  mm.  long,  and  has  been 
found  afew  times  in  the  gall  bladder  D.  mease 
is  a  slender  worm  about  15  mm.  long,  aud  has 
been  found  in  the  bile  in  considerable  num- 
bers,  particularly  in  the  Chinese.     D.  hipmato-     "°-  '';-'",""'"*  "«f''T'<^< ». 

'     "  ''  About  nauiral  aim. 

bium  is  a  more   nearly  cylindrical    worm;    the 

sexes  are  distinct ;  the  male  from  12  to  14  mm.  long,  the  female  16  to 
18  mm.  long,  and  occurs,  especially  in  Egyptians,  in  the  portal  and 
other  abdominal  veins. 


OEBTODA   (7'»pe  Wotim). 

These  important  worms  consist,  in  the  mature  state,  of  more  or  less 
rectangular  or  elongated  segments,  each  one  of  which  represents  a  single 
individual,  arranged  in  a  linear  series  to  fonu  a  colony,  at  one  end  of 
which,  ciiUed  the  head,  is  a  variously  formed  structure  for  the  attach- 
ment of  the  colony  to  its  host.     The  neck  and 
bead  are  called  the  Bcalex,  while  the  segments 
are  called  pi-oglottides.      These  worms   have 
neither  mouth  nor  alimentary  canal.     Tbey 
are  hermaphrodites,  the  sexes  being  united  in 
the  prc^lottides.     The  head  aud  neck  (scolex) 
may  exist  as  an  immature  form  in  various  tis- 
sues and  organs  whei'e  they  are  eucysted,  aud 
are  often  called  cystlcercus, 

JVcth'o  soUiim  is  of  frequent  occurrence  in 
man.  It  may  be  several  metres  in  length,  and 
may  be  coiled  up  or  stretched  out  in  the  small 
inlestiiieu.  .Several  womis  may  be  in  the  gut 
at  one  time.  Tlie  head,  about  the  size  of  a 
pin's  head  (Fig.  58),  has  a  projecting  probos 
cis  or  rostelluin,  around  which  are  arranged 
a  double  row  of  horny  booklets.  Below  these 
are  four  sucking  discs  at  the  sides  of  the  head. 
The  booklets  of  the  anterior  row  are  larger 

than  those  in  the  posterior  row,  and  are  from 
Fio.  IH.— Hk*d  or  T«siA  soLrtJi, 

nix.un".  0.16  to  0.18  mm.   long.      The  proglottides, 

when  fully  de\eloped,  are  from  10  to  12  mm. 
long  and  fi-om  5  to  6  mm.  wide,  but  those  neare.st  the  head  are  much 
shorter  and  inimaliire.  The  eggs  of  T.  solium  are  ovoidal  structures, 
about  0.0;f  nun.  in  diameter.     Tlie  embryo  of  this  worm  is  most  com- 
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mouly  seen  iu  the  miiBCles  of  tbe  pig  as  an  eucysted  scolex,  commonly 
called  a  "measle."  It  occasionally  occurs  iu  man  iu  the  muscles,  braiu, 
eye,  etc.,  and  is  called  cysticereus  aelluloatt.  It  is  usually  about  the  size 
of  a  pea.  but  may  be  as  large 
as  a  pigeou's  egg  and  surround- 
ed by  a  connective -tissue  cap- 
sule. 

Infection  with  the  worm 
occurs  in  the  human  subject 
from  the  ingestion  of  insuf- 
ficiently cooked  "measly" 
pork,  or,  in  the  case  of  cysti- 
cercus  cellulosfe,  from  the  in- 
gestion of  the  eggs,  which  may, 
in  a  variety  of  ways  in  un- 
cleanly persons,  get  into  the 
food. 

Ttniin     viedioaineJlata     (T. 

FIG.    W,-Tf  NIA     HEDIOCAMtLLATA.       HlAD    ANf     PKO-  SaginOtU  LKUCKABT).    ThC 

(iLOTTiDEs.  \ie3iA   of   this  species  is  some- 

B.  in-wii  prwmiiid.  sbDwiDK  neoeraOve  iippBraitui.  ^hat  cuboidal,  with  neither  ros- 

f.  bairi»nilfrs(niiemiionnim»iurepni(rlmUilH»,Blioiir.  (ellnni   nor   booklets    but   with 

iDRgtsduBl  laperlQgof  [henwli.    Naiural  size.  „  i  .  ..  ',it         ^r,\ 

four  sucking  discs  (Fig.  59). 
The  segnieuls  are  generally  broader  and  shorter  than  in  T,  solium,  and 
the  wonu  is  usually  lai'ger.  In  tbe  embryonal  fonn  the  scolex  occurs 
as  the  Cyaticercug  lataitB  mediocanellaUB  in  tbe  form  of  small  cysts  in  the 
muscles  of  cattle,  from  the  eating  of  which  in  the  uncooked  conditiou 
the  infection  occurs.  This  is  the  most  common  tapeworm  in  the  United 
States. 

Ttenia  ecbinococctis. — This  woini  in   the   mature   condition  fonns  a 
short,  small  colony  inhabiting  the  intestine  of  the  dog.     The  head  is 
about  0.3  mm.  in  diameter  and 
has  a   double   row  of   booklets 
around  the  rostellum.     Tbe  pro- 
glottides are   three   or  four   in 
number,  the  last  being  the  larger. 
The  entire  colony  is   not  more 
than   i    to   5    mm.   in    length. 
The  significance  of  this  parasite 
in    human    pathology    depends 
upon  the  cysts,  called  hydatids, 
which  it  forms,  in  the  immature 
or  cysticercus  stii^,   in  various  parts  of  the  body.     Intimate  associa- 
tion with  dogs  favors  the  acquirement  of  this  parasite.     When  the  eggs 
of  the  mature  worm  get  into  the  intestinal  canal  of  man  they  undergo 
partial  development  and  find  their  way  into  the  tissues  and   organs, 
most  frequently  into  the  liver.     Here  cysts  are  formed  which  become 
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encapsulated  by  a  C0Due<;tive-t  issue  membrauce  produced  by  the  inflam- 
matory I'eaction  of  the  oi^ii. 

The  cyst  wall  of  the  parasite  is  formed  of  two  layers — an  outer,  fiiiely 
lamellated  layer  called  the  culicula  (Fig.  60),  and  au  iuuer,  grauuhii' 
layer,  containing  muscle  fibres  and  blood-vessels,  called  thepaiTiichi/nia- 
tons  layer.  Inside  of  the  primary 
cyst  secondary  cysts  sometimes 
form,  called  davghter  cysts,  and 
within  the  latter  tertiary  cysts, 
called  granddavghter  cysts,  may  de- 
velop. On  the  inner  surface  of  the 
cysts,  either  primary,  secondary, 
or  tertiary,  the  scolices  or  heads 
of  the  immature  worm  are  formed. 
These  de^■elop  in  the  walls  of  the 
pediciilated  vesicles  called  brood 
capsules.  The  walls  of  these  vesi- 
cles have  a  laniellated  cutieula  and 

a  parenchymal  oils  layer  similar  to  ''"'■  m.-scolices  of  t^kia  echinoc^wci  s.  x  bo. 
those  of  the  primary  cysts.  The  "">-<' <'>»"^^t>'<n  ^^^J^,  i«  »<*  o,t,^r^>ib, 
scolices,    of  which   there   may  be 

several  in  each  brood  capsule,  are  similar  to  the  heads  of  the  maluiv 
tapewonu.  They  are  about  O.S  mm,  in  diameter,  having  a  i-ostelluni 
surrounded  by  a  double  row  of  booklets  and  fonr  sucking  discs  (Fig. 
61).  At  the  posterior  end  of  the  scolex  is  a  pedicle  by  which  it  is 
originally  attached  to  the  wall  of  the  tn-ood  capsule.  Little,  lamellated 
concretions  of  lime  salts  are  often  present  in  the  scolex.  The  anterior 
portion  of  the  scolex,  the  rostellum,  booklets,  and  suckers,  are  often 
invagiuated  in  the  posterior  portion.  The  scolices  may  be  fi-ee  inside 
of  the  brood  capsules,  or,  owing  to  the  rupture  of  the  latter,  they  may 
be  free  in  the  cavity  of  the  primary  cysts.  They  may  die  and  degt^i- 
erate,  forming  a  granular  mass  in  which  the  booklets  may  l>e  embedded, 
or  the  booklets  may  be  free  in  the  brood  cajwules  or  in  the  primarj- 
cysts.  Sterile  cysts  ai*  often  found,  that 
is,  those  in  which  neither  brood  capsules 
uor  scolices  are  developed. 

Tlie  cj-sts  contain,  in   mldition  to  the 

scolices,   a  clear,   gelatinous  fluid.      This 

fluid  may  become  turbid    by  admixtniv 

with   disintegrated   scolices  or   fragments 

of  the   parenchymatous  layer,  or  it  may 

contain  fatty  detritus,  cholesteriu  crystals. 

and  particles  of  lime  salts.     The  fluid  may 

be    partially    at>sorbed,    leaving  a  thick, 

griimons  material   within   the  cysts,   which  may  become  calcified  oi' 

converted  into  a  stony  mass.     \\Tien  the  scolices  are  not  found  entire 

the  diagnosis  may  be  made  by  the  discovery  of  the  sepnrate  hooklpts 
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(Fig.  62)  or  fra^meutH  of  the  characteristically  laiuenat«d  cyst  walls. 
The  counective-tissue  walls  of  the  primarj'  cysts  may  become  fatty,  or 
caseous,  or  calcified. 

Sometimes  the  secondary  vesicles  project  outward  iustead  of  inward, 
forraiug  a  series  of  cysts  outside  of  the  primary  one.  This  variety  of  de- 
velopment is  sometimes  seeu  in  mau,  but  is  more  common  in  the  domestic 
animals.     It  is  called  Echhtoccoemi  »eolecipar%en»  or  exopeiui. 

Another  variety  of  echinoeoecua,  called  E.  muUilomlarig,  is  almost 
always  found  iu  the  liver,  and  appears  to  be  the  result  of  incomplete 
and  disturbed  development  of  the  embryos  or  cysts.  It  consists  of  a 
congeries  of  irregular,  usually  small  cysts  (Fig.  372,  page  fi09),  surrounded 
by  broad  and  narrow  bauds  of  connective  tissue,  and  sometimes  contain- 
ing gelatinous  fluid  and  scolices  or  booklets;  but  the  latter  structures 
are  commonly  absent  or  difHcult  of  detection.  The  whole  is  often  sur- 
rounded by  a  dense  connective-tissue  capsule  which  may  be  calcified. 
The  entire  mass  often  presents  an  alveolar  structure  and  was  formerly 
regarded  as  a  tumor — alveolar  cancer.  The  diagnosis  may  be  established 
by  the  discovery  of  the  booklets  or  scolices,  or  fragments  of  the  lamel- 
lated  cuticula.     This  form  of  the  parasite  is  rare  in  America. 

There  are  four  or  Hve  otber  species  of  titnia.  occurring  rarely  in  man. 

Tiniin  nanu, — Tliis  specieii  occurs  m  tbe  form  of  small  colonies,  atK>ut  16  mm.  in 
length.  The  rostullum  is  surrouuded  by  a  single  row  of  liooklcts.  It  has  been  seen 
once  in  large  Dumbers  by  Bilharz  in  tbe  duodenum  of  a  child  wbicli  died  of  meningitis 
in  Cairo,  Tirnia  JtavupaaclnUt.  a  spc«'ies  ainut  which  little  is  known,  is  reported  twi<-e 
iu  America  as  occurring  fu  tlie  intestine  of  young  children.  Tirnia  mfulagneearienmii, 
also  little  known  and  rare,  has  been  seen  in  two  children  in  Madagascar. 

Tipwi'rt  oteiimeriaa. — This  specios  occurs  in  colonies  about  20  cm.  long.  Tbe  beail 
is  very  small  and  spheroidal,  and  has  fi)iir  rows  of  hook1et.s.  It  is  frequent  in  the 
small  intestines  of  dogs  and  cats.  It  occurs  occjisionally  in  man.  Iisseolex  inlialiils  the 
dog  louse,  and  infection  may  iH-cur  in  man  by  the  tmusference  of  the  lice  or  the  embryos 
of  the  parasite  to  the  mouth,  as  the  result  of  the  filthy  habit  of  kissing  dogs  and  cats  or 
permitting  tlie  face  to  be  licked  by  tliem. 

Bothrioefphaliit  liUim. — This,  tbe  largest  of  the  human  tapeworms,  has  very  broad, 
quadrangular  proglottides.  The  bead  is  ovoidal  and  about  3  mm.  long  and  1  mm. 
broad.  It  has  no  proper  sucking  discs  and  no  liooklels,  but  by  long  grooves  on  either 
side  of  tbe  head  the  animal  atlaclies  Itself  to  Its  host,  Tlie  neck  is  long  and  tiliform. 
It  occurs  most  frequently  in  Jiurope,  particularly  in  the  northern  provinees.  The  eggs 
undergo  partial  development  in  water,  and  arc  taken  iip  by  the  pike  and  eel-pout,  and 
perhaps  by  other  fresh-water  tlsh,  from  the  ingestiou  of  whose  flesh  in  an  imperfectly 
cooked  condition  the  human  infection  occurs.  Two  other  species  of  BoUiriocephalus 
have  been  described  as  of  rare  occurrence  in  man :  B.  cirdalut  in  GR'enland  and  Iceland, 
and  B.  rrittaliiK. 

HEHATODA  (Round   Wormt). 

These  worms  are  in  general  cylindrical,  elongated,  usually  pointed  at 
the  ends,  and  sometimes  filiform.  The  surfiice  is  sometimes  smooth, 
sometimes  irregularly  beset  with  hairs  and  papillie,  or  possesses  longi- 
tudinal elevated  striw  or  transverse  rings;  but  the  body  is  not  segmented. 
There  is  a  mouth  at  the  anterior  portion,  and  a  ventral  aims  near  the 
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posterior  end.     The  iutestiQe  is  straight.     The  sexes  are  iu  most  fonns 
clistioct,  the  male  being  iu  general  smaller  than  the  feniale. 

AgoarU  lumbricoides. — ^This  is  one  of  the  most  common  of  the  human 
intestiiial  parasites,  and  is  of  particularly  frequent  occurrence  in  chil- 
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dren.  It  is  of  a  light -brownish  or  reddish  color.  The  female  is  from  30 
to  40  cm.  long  and  from  5  to  6  mm.  thick.  The  male  is  somewhat  more 
than  half  as  large  (Fig.  63).  Both  sexes  are  pointed  at  the  ends,  the 
posterior  end  of  the  male  being 
curved  into  a  spined  hook.  The 
eggs,  from  0.05  to  0.06  mm.  in 
diameter,  are  surrounded  by  an 
albuminous  envelope  (Fig.  |j4  A) 
and  are  quite  resistant  to  destruc- 
tive agencies.  The  mode  of  de- 
velopment and  life  history  of  these 
parasites  are  not  very  well  under- 
stood. Their  usual  seat  in  man  is 
the  small  intestine,  bat  they  may 
wander  into  the  stomach,  and  ex-  " 
ceptionally  get  into  the  mouth, 
nose,  bronchi,  gall  passages,  peritoneal  cavity,  etc.  They  may  be  single 
in  the  gut  or  present  in  great  numbers. 

Two  other  species  of  ascaris  have  been  found  in  man.     A.  maritima 
was  found  in  the  vomit  of  a  child  iu  Greenland,  in  an 
immature  condition.     A.   mysUtx,  a  tolerably   common 
I  form  in  cats  and  dogs,  has  been  found  a  few  times  in 

I  man.     It  is  smaller  than  A.  Inmbricoides. 

C  Oryuris   vermlcularis  (Threadworm   or  Pinwomi). — 

^  This  species  is  very  small ;  the  female  has  a  pointed  tail 
and  is  about  1  cm.  long.  The  posterior  end  of  the  male, 
which  is  about  4  lum.  long,  is  blnut,  and  after  death 
E  somewhat  curle<l  (Fig.  66).  The  eggs  (Fig.  64  B)  are 
-oxYrniM  produced  in  great  numbers,  are  oval,  and  about  0.0.'>2 
mm.  long.  This  parasite  is  very  common  in  children, 
and  may  be  present  in  lat^  numbers  iu  the  colon. 
This  worm  is  known  to  infest  only  the  human  subject,  and  infection 
doubtless  occurs  by  the  ingestion  of  the  eggs,  which  are  widely  dis- 
tributed in  a  lariety  of  ways  on  many  objects,  fruits,  etc. 
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Strot^lw  gigas. — This  is  a  sleoder  red  worm,  the  female  being  some- 
times 1  metre  loug  and  over  1  cm.  in  diameter.  It  lias  l>eeu  round 
several  times  in  tlie  pelvis  of  the  kidney  in  man.  It  is  more  common  in 
the  wolf,  fox,  horse,  seal,  and  some  other  animals. 

atrong^vs  longevaginalug. — The  female  is  about  2.5  cm.  long,  the  male, 
as  usual,  shorter.  It  is  of  a  yellowish -white  color,  aud  has  been  fonnd 
oiice  in  the  lung  of  a  boy  in  Germany. 

Stronffylus  subtUis. — A  very  small  species  (female  5.6-7  mm.  long)  has 
been  described  by  Loos  as  occnrring  iu  Egypt  in  the  human  intestine. 
Bnt  it  is  believed  to  be  without  pathological  significance. 

DochmiM  duodeaalis  (Ankylostoma  duodenale). — The  female  is  from 
1  to  '2  cm.  long,  the  male  about  1  cm.  long.  The  body  of  the  male  is 
dilateil  anteriorly  aud  curbed  backward.  Its  mouth  is  furnished  vith 
a  chitinons  capsule  and  chitinous  claws  and  teeth.  It  is  found  in  the 
small  intestine  of  man  in  Italy,  Switzerland,  li^'pt,  and  Brazil.  The 
head  is  burrowed  into  the  mncons  membrane  of  the  host,  and  the  animal 
is  nourished  by  the  blood  which  it  sucks  out,  aud  which  is  usually  seen 
in  its  intestine.  An  ecchymosis  is  produced  at  the  point  of  attachment, 
or  even  severe  hiemorrhage,  aud  marked  antemia  may  be  the  result  of 
the  presence  of  large  numbers  of  the  parasites. 

Triehoeeptialttg  digpar  (WnUpworni.) — The  males  and  females  are  of 
nearly  eqiml  si/^,  4  to  5  cm.  long.  A  little  less  than  one-half  of  the 
Ixtdy  (the  itosterlor  portiou)  is  about  1 
mm.  thick,  and  in  the  male  is  rolled  into 
a  flattened  spiral,  but  in  the  female  is  bnt 
slightly  bent.  The  anterior  part  of  the 
body  is  verj-  slender  (Fig.  6li)  and  is  em- 
bedded in  the  mucous  membnine  of  the 
host.  The  e(!^  are  elongated,  oval- 
shai>ed,  about  0.05  mm.  long  and  about 
one-half  as  wide,  with  a  thick  brown  capsule.  This  parasite  is  very 
common  in  some  countries,  especially  in  France  and  sonlhern  Italy.  It 
is  commonly  found  in  the  ctecuni,  usually  in  small,  but  sometimes  in 
ver>-  lai^e,  numbers.  It  is  generally  of  little  pathologicsil  significance, 
commonly  producing  no  8>inptom».  Its  ilevelopmental  history  is  not 
well  known. 

Trichina  spiraiiif. — The  female  of  this  common  parasite  is,  in  the  ma- 
ture conditiou,  about  3  mm.  long,  the  male  from  1  to  1.5  mm.  long;  they 
are  filiform  in  shape  and  white  in  color.  The  young  are  born  in  the 
form  of  tiny  worms  about  0.01  mm.  iu  length  and  somewhat  similar  to 
the  adult  in  shape.  Infection  occurs  in  man  fmm  the  ingestion  of  iu- 
Boffieiently  cooked  pork.  The  muscle  of  the  dise^iR'd  pig  contains  the 
embryos  of  the  parasite  iu  an  encysted  conditiou.  In  the  stomach  the 
capsule  of  the  worm  is  dissolved  and  the  embryos  are  set  free.  They 
verj-  rapidly  mature,  increasing  in  size,  and  the  females  give  birth  in 
the  small  intestine  to  very  large  nnmbei-s  of  young.  It  is  estimated  that 
a  single  female  may  gi%'e  birth  to  from  1,300  to  1,500  young.    These  find 
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their  way,  tbrougb  tlie  mucous  nienibfaiie  aud  wall  of  the  gut,  iuto  vari- 
ous parts  of  the  body. 

The  exact  course  which  they  take  in  getting  out  of  the  gut  is  not  fully 
establisbed ;  probably  they  traverse  the  tissues  in  different  ways.  At 
any  nite,  they  find  their  way 
to  the  voluntary  striated 
muscle  tissue,  wbicb  they 
penetrate,  and  enter  Hie 
muscle,  fibres.  Here  they 
cause  a  disintegration  of  llie 
contractile  substance,  anil 
coi]  themselves  inside  of  the 
sarcoleninia.  In  this  situa- 
tion they  become  encapsu- 
lated by  material  in  part 
furnished  by  themselve^s  in 
part'  by  means  of  the  inflam- 
Fib.  rtr.— TRicHiHi  spibalis.  matoiy  reaction  which  their 

Tbe  panulb*  tre  eiH-ys[«<l  In  musclp.    In  one  caiMile  (be   presence  induces  in  the  COn- 
^™ltah.«dl«l.«d««g™ui.tarm..^riaL  -^MarlnKUh  cal-    ne^tive  tiSSUC  Of  the  mUSClC. 

The  worms  are  surrounded 
inside  the  cai>siile  by  gnvnular  material  (Fig.  67).  The  capsule  after 
a  time  becomes  partially  calcified,  and  in  this  condition  may  be  readily 
seen  by  the  naked  eye  as  a  tiny  white  speck.  In  this  encysted  state  they 
ni^'  remain  inactii'e  but  living  for  an  indefinite,  often  for  a  verj'  long 
time.  Most  frequently  the  cysts  contain  but  one  embryo,  bnt  they  may 
contain  from  two  to  four.  The  embryo  may  die  and  its  remains  beconie 
calcified. 

The  same  course  of  events  follow.s  when  the  muscle  tricbinfe  are  ejiten 
by  the  pig  or  a  variety  of  other  animals. 

The  embryos  in  the  mnscle  are  killed  by  a  temperatuie  of  55°  C.  and 
by  some  of  the  methods  of  curing  pork. 

Tlie  embiyos  may  mature  and  a  new  generation  Iw  born  within  from 
five  to  eight  thiys  after  the  ingestion  of  the  diseased  meat. 

At  the  result  of  tbe  presence  of  these  parasites  in  the  body,  if  the 
invasion  be  severe,  nutrition  may  I>e  impaired  and  catarrhal  enteritis, 
broncho-pneumonia,  hyx>eri)liuiia  of  tlic  mesenteric  lymph  nodes,  and  fatty 
dt^nenition  of  the  liver  may  occur.  Leucocytosis  with  a  great  increase 
ill  the  nnmlter  of  eosinopfaile  cells  is  common.  The  encapsulated  ein- 
biyos  may  be  found  in  enormons  numbei's  in  various  volnntar>-  inus<'les 
of  the  body,  but  they  are  most  apt  to  be  found,  when  not  \eiy  abundant, 
in  the  mnscles  of  the  neck  and  larynx,  in  liie  inlereaslals  and  the  dia- 
phmgni.  Tliey  tend  to  collect  towanl  the  tendinoiiK  extremities  of  tbe 
muscles.     Trichime  also  occur  in  the  i-at,  cat,  mouse,  and  other  animals. 

fllaria  metJitwnis  (Guinea  womi). — Tliis  is  a  thread-like  wonn;  tbe 
female,  which  is  alone  known,  being  sometimes  as  much  iis  80  cm.  long 
and  from  0.5  to  1.7  mm.  thick.  It  is  common  in  the  East,  and  inhabits 
tlie  sul>cutaneous  connective  tissue,  in  which  it  often  gives  rise  lo  ab- 
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soeNses  aud  ulrei's.  The  embryos  live  for  a  time  fi'ee  in  fi'esh  water,  and 
are  theu  takeu  up  by  a  species  of  fresh-water  crostaceaii,  iu  whose  body 
they  andei^o  further  development,  and  by  the  iugestiou  of  wliicfa  the 
infeetion  of  the  buruaii  subject  occurs. 

FHaiia  nanffuinis  liomtnis. — The  embryo  of  this  parasite,  which  inhabita 
the  blood  and  lymph  of  man,  especially  iu  Brazil,  E^pt,  and  some  parts 

-_^_^  of  the  Orient,  aud  occasionaUy  occurs 

<v'*^^^^S^^^^^^^— ^     in  this  country,  is  about  0.35  mm, 

^  //\L  loug-  rounded  anteriorly,  aud  pointed 

K^  at  the  tail  (Fig.  6S).    It  has  about 

^-""^  the  diameter  of  a  red  blood  cell.     It 

'^■'^'oi'lc^FS^'^aoHTHrB^Dr™''"'  occurs,  sometimes  in  great  numbers, 

in  the  blood  during  the  night  time, 

being  as  a  rule  absent  during  the  day.     It  may  occUr  in  the  urine  iu 

connection  with  chyluria  and  heematuria.     The  mature  female  is  from 

8  to  10  cm.  long,  and  haa  been  found  inhabiting  the  lymph  vessels  of 

man,  particularly  in  the  scrotum  and  lower  extremities.     Owing  to  the 

obstructions  which  it  causes  iu  the  lymph  circulatiou,  and  to  the  local 

irritation  which  it»  presence  induces,  it  sometimes  give  rise  to  lymph- 

augiectasis,' cedenia,  abscesseii,  and  {lerhaps  elephantiasis.     One  of  the 

embryonic  stages  of  development  is  believed  to  take  place  in  the  body 

of  a  s|>eciet4  of  nocturnal  mosquito.     Through  the  bodies  of  the  dead 

mos(tnitoes,  which  are  liable  to  fall  into  the  drinking-ffater,  it  is  believed 

that  the  spread  of  the  parasite  may  occur. 

There  are  several  other  species  of  filaria  occasionally-  found  in  man 
which  it  is  not  necessary  to  enumerate  here.' 

Rhabdfynema  utrongifloides. — A  small,  filifonn  wonn  from  1  to  2  inin. 
iu  length  is  found,  often  in  enormous  numbers,  in  the  intestines,  biliaiy 
and  pancreatic  duets  of  man  in  Cocbiu  China  and  in  Italy,  giving  rise  to 
endemic  diarrhoea.  It  has  been  thought  that  there  are  at  least  two 
species,  which  have  been  described  under  the  generic  name  AffuilluUt,  but 
recent  researches  by  Leuckart  have  led  him  to  belie\e  them  to  be  differ- 
ent developmental  stages  of  the  same  form,  for  which  he  snij^ests  the 
above  name. 

Methods  of  Study  of  Worms, 

Fllnria  BADgiiinis  itiny  be  pii'si-rviil  by  prcpuriiig  a  atneikr  of  the  blood  coDtaioiDg 
It  on  a  slide  in  tlii'  iiauHl  way  (huo  p    1182),  mul  atuiiiiug  with  inetliyleDe  blue 

The  larger  |>arHsilvH  nmy  be  liardviicd  in  riirmaliD  and  atudied  irliolc  after  deliydra- 
ti»n  in  alci>liiil  am)  cicariug  iu  nil  of  (-i-dar  or  origaiiiim.  Or  soctiona  may  be  made  after 
emlMidding.  aod  i>laiiu.-<l  anil  mounted  in  tlic  usual  way. 

Tlie  examlDaliuii  <>f  miisi'lc  for  trtctiliia  ia  of  t«n  of  great  practical  importance.  For 
tliis  purpoae  small  pieces  oF  frcsL  muscle  are  aqiicencd  Into  u  lliln  ahect  between  two 
^ides,  and  cxaniined  with  a  low  power  .  A  cimaiderable  number  of  bits  of  muscle  should 
be  exaniincil.  particularly  fruai  the  above-menlioned  favorite  sitiiations,  before  exclud- 
ing tliein  in  a  suapectitl  case,  becAiise  Uiey  are  sometimes  present  in  small  numbers.  A 
thorough  Ni'itrcli  is  of  special  ini]H)rtnitcc  in  the  examination  ot  pork,  since,  owing  to 

'  For  a  studs-  of  filarial  lympliatic  varixsee  f>;K>,  Trans.  Assu.  Ain,  Phvs.,  vol.  xvi., 
p.  814 

*ult  //'ffinip  mid  Piiill,  Am.  Jour.  -Med.  Sciences,  vol.  cxx.. 
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the  eaonnoua  fertility  of  the  parasites,  even  a  moderate  Dumber  may  give  rise  to  a 
severe  infection. 

For  tlie  minute  examination  of  the  parasite,  bits  of  muscle  should  be  liardeoed  iu 
Orth's  fluid  and  alcolioi,  decalcilied  if  necessary,  aod.  after  embedding  in  ceiloidin,  thin 
sections  cut  and  staiued  double  with  hematoxylin  aud  eosin.  and  mounted  in  balsHiii . 
BiiB  of  muscle  may  be  also  leased,  the  embi^'os  picked  out  with  a  needle,  and  the  cysts 
either  brokeu  open  under  a  lens  with  the  Deedle,  or  squeezed  under  the  cover  glass. 
The  embryo  worm  thus  set  free  may  be  mounted  in  a  mixture  of  equal  parts  of  glycerin 
and  picric  acid.  The  adult  forms,  wliicb  may  be  obtained  by  feeding  rabbits  nilh  iin 
cooked  trichinouB  muscle,  and  examining  after  the  proper  interval,  may  be  hardened  Id 
Onh's  fluid,  and  mounted  in  a  mixture  of  equal  pails  of  picric  acid  and  glycerin,  nr 
in  the  same  mixture  which  has  been  lightly  tinged  with  eosin. 

Arthropods. 

The  scope  of  this  work  does  not  permit  us  to  enter  in  detail  into  tbe 
subject  of  external  parasites,  which  will  be  found  described  in  treatises 
on  diseases  ofthe  skin  or  in  tbe  general  works  ou 
parasites  referred  to  below.  But,  owing  to  tbeir 
frequent  occurrence  auil  practical  importance,  we 
may  briefly  describe  two  of  the 
more  common  forms  of  arthro- 
pods, the  "  it«h  insect "  and  the 
"  louse. " 

The  common  "itch  insect" 
—  Sarcopteg  hominis  (Acartta 
8cabiei)  is  shaped  somewhat 
like  a  turtle,  with  a  chitinons 
covering,  and  presents  the  gen- 
_  ""^     eral  appearance  seen  in  Fig. 

■—■■—-  gg      ^^  female  is  about  0.45 

FenuJe :  l»ri   view.     Alter  ,  ,  ,  ... 

nireieiib««.  mm.    long,  the    male   a   little 

smaller. 
The  parasite  bores  little  tunnels  in  the  skin,  in  which  the  eggs  are  laid 
and  the  young  hatched.  After  a  few  days  these  bore  fresh  channels  iu 
the  skin.  For  their  detection  a  bit  of  the  superficial  layer  of  the  skin  is 
snipped  out  with  cur\'ed  scissors,  dehydi-ated  and  cleared  up  with  oil  of 
cloves,  and  examined  under  a  low  power,  when  the  tunnels  and  tbe  para- 
sites, if  present,  will  be  readily  visible. 

The  head  louse,  Pediculus  capitis,  is  from  1  to  2  mm.  long,  the  female 
being  slightly  the  larger.  Tlie  general  appearance  of  the  insect  is  seen 
in  Fig.  70.' 

Hethod  of  Study  of  Insecta. 
Tiiese,  if  small,  may  be  cleared  in  turpentine  and  mounted  in  balsam,  or  sections 
may  be  cut  after  embedding  in  paraffin. 

'  Bibliography. — Especially  to  be  recommended  for  detailed  description  of  human 
and  animal  parasites  is  the  small  work  of  Moi't'ez.  "Trsite  dc  Parasitologic."  Paris.  18S6. 

Consult  also,  especially  for  the  forms  of  eegs  and  other  parts  of  animal  parasites 
which  may  be  foimil  in  the  cxcrehi.  "in  Jnkmli,  Wood,  or  fimon,  or  other  works  on  clini- 
cal microscopy. 

The  Reports  of  (he  Bureau  of  Animal  Industry  of  the  U.  S.  Department  of  Agri- 
culture contain  many  valuable  data  relaiin^jr  to  niiimal  parasites  imd  the  diseasi's  of 
animals  in  tile  L'nitcil  Stales, 
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CHAPTER  VI. 

FLAITT  PARASITES. 

The  plant  parasites  of  maa  belong  among  the  simplest  of  living  or- 
ganisms. Three  distinct  groups  are  of  frequeut  occurrence  in  or  upon 
the  body.     These  are: 

1.  Bacteria,  or  fissiou  fungi  (Schizomycetes). 

2.  Yea^,  or  yeast  fuugi,  or  sprouting  fungi  (Blastomycetes). 

3.  Moulds,  or  mould  fnngi  (Hyphomycetes). 

The  first  group,  the  bacteria,  is  of  the  greatest  significance,  because 
it  contains  oi^anisms  which  are  very  frequently  the  excitants  of  f 


I.  Bacteria. 

HOBPHOLOQT,  FHT8I0L0OT,   AJTD  DIBTBIBXmOV. 

Bacteria  are  minute  uuicellular  plants  devoid  of  chlorophyll,  multi- 
plying by  transverse  division  and  in  some  caBcs  preserving  the  species 
by  the  formation  of  spores. 

The  colorlcfis,  sometimes  granular,  protoplasm  is  enclosed  by  a  mem- 
brane, and  some  forms  are  surrounded  by  a  transparent  capsule.     Not 
infrequently  parts  of  the  protoplasm  appear  Iww 
•'V  ^^       dense  than  the  rest,  as  if  from  vacuolation,  and  a 

•A  V        vC"*    ^^^  observers  have  claimed  to  demonstrate  in  eer- 
^^*  1^        tain  forms  a  nuclear  structure.     But  owing  to  their 
i  ^^W^^^  minuteness,  studies  of  the  structure  of  the  proto- 

\       1    ^^^         plasm  of  bacteria  have  thus  far  led  to  but  meagre 
V     €  ^j  results. 

A   J    ^  Many   of  the   bacteria,   especially   bacilli  and 

spirilla,    less  frequently  the  cocci,   have  haip-Hke 
no.Ti.-TTPiciLyouiB     processes  called  fiagella  which  are  apparently  or- 
ciLLi.  AMD  spirilli.  '  gaus  of  locomotjoii  ( Fig.  73).     These  may  be  single 

or  in  tufts;  may  be  at  one  or  at  both  ends  or  over 
the  general  surface.  Their  number  and  distribution  seem  sometimes  to 
be  characteristic  of  special  forms. 

Formi  of  Baoteria. — The  various  forms  of  bacteria  may  be  grouped 
into  three  classes  (Fig.  71). 

1,  Spheroidal  bacteria. — Cocci  or  micrococci  (singular,  coccius,'  mici-o- 
coccus). 

' The  tenn  miero-organigm  iocluUes  all  of  these  forms  of  miniile  and  IohIv  plaats. 
They  are  Bometlmes  spoken  of  collectively  as  germe  or  mtcrobei. 
■Pronounced  kok-iu,  plural  tot'-n. 
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2.  Rod  like  bacteria. — Bacilli  (singiUar,  ba«illi)8). 

3.  Spiral  bacferia. — Spirilla  (si Qgalar,  spirillam). 

All  straight  bacteria  which  have  one  axis  longer  thau  the  otlier  are 
called  bacilli,  even  though  the  form  is  o%'al  rather  than  rod-like.  The 
ends  of  bacilli  may  be  square  or 
rounded,  and  iu  stained  preparations 
in  some  cases  concave. 

"While  the  cocci  elongate  a  little 
in  preparatioii  for  fission  and  in 
this  condition  present  a  slight  ir- 
regularity in  the  length  of  their 
axes,  and  thus  resemble  bacilli,  the 
complete  observation  of  their  life 
cycle  rarely  permits  error  in  the  de- 

termiuation  of  the  primary  group  to  which   a  given  mici'o-organism 
belongs. 

8onie  bacteria  present  slight  modifications  of  the  fundamental  form 
iu  certain  phases  of  their  growth  and  under  various  chemical  and  physi- 
cal conditions.  Thus  some  of  the  cocci  after  division  are  slightly  flat- 
tened on  their  contiguous  sides — biscuit-shaped;  certain  bacilli  may 
bulge  slightly  in  the  middle— rfosfridfum  forms;  others  may  l>e  larger  at 
one  end  than  at  the  other — racket -shaped;  bacilli  from  the  same  culture 
may  pi'eseiit  considerable  irregularities  in  breadth  and  especially  in 
length.  The  morphology  may  diffei' somewhat  under  different  growth 
conditions.  But  these  slight  variations  in  fonn  rarely  give  rise  to  serious 
difficulty  in  classification. 

When  the  conditions  of  life  aw  unfavorable  or  when  they  are  old, 
Itacteria  may  contain  more  deeply  staining  granules  «illetl  metachromatic 
granuJei.  These  have  been  i-egarded  by  some  as  siK)res,  but  they  appear 
to  l»e  the  results  of  cytoplasmic  degeneration.  The  less  degcneratetl 
portions  retain  the  stain. 

Finally,  when  iKicteriaai'e  pla«HHl  under  conditions  unfavorable  for 
the  maintenance  (»r  their  life  processes,  and  when  they  are  deati,  they 
are  ot'ten  irregularly  swollen  and  contortetl  or 
nuiy  uiidi'i^o  partial  disintegration,  giving  rise 
what  are  known  as  "  iiirolutiun  forms. " 
^  ^H  While  all  bacteriaare  minute  there  is  among 

^V     fl        ^^  them  considenible  diversity  in  sizt^  some  l)etng 

H        W  many  times  larger  than  others.' 

When  the  Iwcteria  are  alwut  to  multiply  by 

iri.in.   <Pn«iiiii>n<i-i».>         fission  they  elongate,  a  dividing  septum  form.s, 

they  become  constricted  at  a  right  angle  to  the 

axis  of  elongiition,  and  finally  two  inde])endent  organisms  are  produced. 

The  multiplication  of  bacteria  by  fission  nmy,  when  the  conditions  are 

'  Pnr  c<invciiii'iiii;  of  i-xprt-ssion  niicn)M-(> pints  Imvi-  Hgreitl  to  let  the  k'tter  ^  stHiid 

'■  '   '        ('-thoiisnndtl]  pan  nf  II  millini(>tr<>.     Thin  unit 

ivf  tlidnsandtli  of  iiri  iiicli,  is  often  railed  a 
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favorable,  occar  so  rapidly  as  to  give  rise  witliin  a,  few  hoars  to  an  enor- 
mous number  of  new  individuals. 

In  many  eases,  the  new  individuals  thus  develoi)ed  fall  apart  in  a 
form  identical  with  that  of  the  parent  cell.     In  some  species,  on  the 
other  hand,  the  new-formed  iodi- 


M  \  ^  «f* -^**Si^       viduals  are  prone  to  cling  together 

\  ^^  /"V^Le*  \V    '"'^^  greater  or  less  tenacity,  thus 

•  ^  3fc  r     ^^Q  y    Kiviug  rise  to  growth  aggregates 

/  ^*j,  which  are  more  or  less  character- 

4p   1|^  ^^  istic  (Fig,  74).     Thus  among  the 

wS  ♦  ^y/^^^L  cocci  there  are  those  in  which  a 

,  "  z^J^^  lai^  part  of  the  new  individuals 

4  cling   together    in   pairs.     These 

\  V       tr  ^j  \     a       forms  are   called    dipforocei.     In 

'O^V'*^^  k#^J      others  the  pairs  cling  together  in 

■^  iaSi  I       ^\         Jl  Jr        longerapgregatesorchains.    Such 

jN  ^^  are  called  xfr^tocoeci. 

A   similjir   occiirreuee  in  the 
FIG.  74,-Gi.onTii  ACGREo*Ti8  OF  B*cT»ii[A.         bacilli  givcs  Tuv.  to  dijtlobaam  and 
I.  Dipiwocdu;  i.  rtrepiococTiH;  3.  manoiiinndi. ;     ftreptobaeiUi .     Some  of  the  spiral 
i.  dlploliKULiu ;  5.  ureplotttcllli ;  fl.  curved  bacteria      -  . 

tonniiiB  rhaim.  fomis  arc  due  to  the  close  junction 

end  to  end  of  oppositely  eurveu 
segments.  Certain  long  tbread-like  micro-organisms  closely  allied  to  the 
baeteria  are  called  Jrptothrii. 

Certain  cocci  divide  in  two  directions  at  right  angles  to  each  othei. 
giving  rise  to  four  cocci  clinging  together  and  lying  in  the  same  plane. 
These  are  called  tetrads  or  vtcrismopfdia. 

Finally  cocci  may  divide  along  three  planes  at  right  angles  to  each 
other,  giving  rise  to  cnboidal  packetw  of  eight  germs  or  some  multiple  of 
this — such  gi-owth  groups  are  called  wimwrt '  (Fig,  "■">). 

There  is  a  family  of  filamentous  or  branching  organisms  which  are 
often  spoken  of  as  polymorphous  or  hit/hrr  bnpteria,  some  of  which  may 
indeed  be  links  between  the  bacteria  and  higher 
plant  foiins.  Filamentous  bacteria  are  more  or 
less  distinctly  si^mented,  and  the  segments  may  be 
enclosed  in  a  common  sheath.  The  modes  of  re- 
production and  a  certain  s|>e<'ialization  of  function 
in  diil'erent  parts  of  the  filaments  which  is  fre- 
quently pi-esent  indicate  affiliations  with  higher 
forms.  By  this  specialization  of  function  is  meant 
the  attachment  of  the  threiMbi  at  one  end  to  the 
substance  on  which  fhey  grow,  and  the  fonnation  ^"'"^^''f,^^^^^^^'^ 
at  the  free  emLs  of  striictures  which  api)ear  to  be 
concerned  in  the  reproduction.  Several  groups  of  these  organisms  ha^■e 
been  named,  but  few  of  them  ha\e  as  yet  been  adequately  studied.     The 
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groups  atreptothrix,  cladoihrix,  crenothrix,  l^ptothrix  may  be  named. 
Amoug  these  the  streptothrix  is  of  most  sigoificance  here,  since  patho- 
genic forms  are  known.  The  Streptothrix  actinomycea,  and  closely  related 
species,  and  the  lesions  which  they  induce,  will  be  described  later. 
There  are  many  reasons  for  the  belief  that  the  forms  called  streptothrix 
and  actinomyces  are  more  closely  related  to  the  moulds  than  to  the  bac- 
teria, but  the  scope  of  this  work  does  not  permit  the  discussion  of  the 
subject,  particularly  dif&cult  as  it  is  on  accouut  of  the  confusion  of 
tci'ms  and  the  lack  of  sulBcient  knowledge  of  the  life  history  of  the 
organisms  involved  (see  Actinomyces,  p.  223). 

Vuiatioiis  in  Fums. — Their  apparently  simple  structure  and  the  lowly 
p<»ition  which  bacteria  occupy  iu  the  scale  of  living  thiugs  have  given 
rise  to  the  conjecture  that  marked  changes  in  form  within  the  limits  of 
the  primary  groups,  or  even  changes  from  one  primary  group  to  another, 
may  be  brought  about  by  alterations  iu  environment,  food,  etc  In  the 
early  days  of  the  exact  study  of  bacteria  this  belief  in  pleomarpkiam  in 
bacteria  fonnd  ready  currency.  But  the  more  exact  study  of  separate 
forms,  which  the  new  technique  has  made  possible,  has  led  to  the  general 
acceptance  of  the  view  that  variations  do  not  occur  except  within  com- 
paratively narrow  limits,  and  that  what  we  are  accustomed  to  call  species 
of  bacteria  maintain  their  morphological  characteristics  with  tenacity 
under  the  most  varied  changes  in  environment,  even  though  these  persist 
through  the  countless  generations  which  may  pass  withiu  the  limits  of  a 
single  experiment.  The  physiological  characters  of  bacteria  are,  as  we 
shall  presently  see,  subject  to  wide  and  significant  variation,  but,  so  far 
as  we  can  now  see,  monomorphimn  widely  if  not  exclusively  prevails. 

Spores. — Under  a  variety  of  conditions,  the  limitation  of  which  are 
not  veiy  well  understood,  new  bacteria  are  produced,  and  the  species  is 
I>erpetuated,  not  by  simple  division,  but  by  the  de- 
velopment of  spores.  The  most  common  mode  of 
spore  formation  is  called  endo^enmis.  A  small,  shin- 
ing mass  makes  its  appearance  within  the  proto- 
plasm from  which  it  is  fonned,  grows  more  and  more 
distinct,  and  finally  appears  as  a  sharply  defined 
sphcroifhil  or  oval,  strongly  refractile  coloriess  body  ""■  '^^/gro^.^^"'" 
surrounded  by  a  limiting  membrane  (Fig.  76),  which  THeiwaieaoruiebacuii 
can  be  separately  stained  and  may  remain  within  »™  8tai'»a>  wfui  nieiiiT- 
ii.         1,  t  -        ..     ,,,       ,  ..  lene blue,  the  spore*  wlih 

the  cell  membrane  or  may  free  itself  by  degeneration     tuchaiu. 
of  the  latter.     End(^ren<5us  spore  formation  is  com- 
mon in  bacilli,  rare  in  spirilla  and  in  cocci.     The  spores  appear  to  be 
surrouuded  by  a  dense  envelope,  and  are,  as  a  rule,  much  more  resistant 
to  deleterious  agencies,  such  as  heat,  drying,  chemicals,  etc.,  thau  are 
the  vegetative  forms  of  the  bacteria  themselves. 

Vacuoles  in  bacteria  are  often  mistaken  for  spores.  Spores,  when 
placed  under  favorable  conditions  in  the  presence  of  moisture  and  nutri- 
ment, swell,  become  less  refractile,  and  develop  into  the  usual  vegetative 
form.     The  actual  observation  of  this  transformation  is,  in  doubtful 
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cases,  the  only  absolute  guarantee  of  the  spore  nature  of  these  bodies, 
though  staiuing  methods  are  useful.  Another  mode  of  sporulation — 
arthrogenoua—has  been  described,  but  its  nature  is  not  well  understood. 

Cooditions  of  Life,  Growth,  and  Holtiplioation.  — The  bacteria  require 
for  their  untrition  carbon,  hydn^en,  oxygen,  and  nitrogen,  and  certain 
mineral  salts.  These  they  can  obtaiu  from  proteids  and  carbohydrates. 
Free  oxygeu  is  necessary  for  the  growth  and  activities  of  some  forms  of 
bacteria  and  for  others  not. 

Those  bacteria  which  require  free  oxygen  are  called  aerobic.  Those 
which  do  not  grow  in  its  presence  are  called  anaerobic.  But  between 
these  extremes  there  are  forms  which  make  shift  to  grow  without  oxygen 
under  favorable  conditions,  though  they  make  use  of  it  when  present; 
others  grow  in  its  preseuce,  though  flourishing  best  iu  its  absence:  these 
are  called /aeu/toh'ee  aerobes  or  factUtatiee  anaerobes,  in  distinction  from 
those  first  mentioned,  which  we  call  obligate  aerobes  or  anaerobes. 

Xitrogen  may  be  obtained  by  some  bacteria  from  inorganic  salts  of 
ammonia,  from  nitrites  and  nitrates.  Bacteria  grow  best  as  a  rule  in  an 
oi^nic  food  medium,  especially  soluble  albuminous  material  which  is 
neutral  or  slightly  alkaline.  Most  of  these  materials  are  rendered  avail- 
able as  food  by  the  action  of  enzymes — inverting,  sugar-splitting,  proteo- 
lytic, etc.,  often  given  off  by  the  organisms  and  acting  npon  the  albu- 
minous materials. 

Bacteria  are  active  only  in  the  presence  of  moisture.  When  this  and 
other  conditions  favoring  their  activity  fail  they  do  not  necessarily  die, 
but  some  forms  may  remaiu,  either  as  spores  or  as  fully  developed  organ- 
isms, for  long  periods  dry  and  inert,  but  capable  of  resuming  their  ac- 
tivity whenever  they  are  again  restoi-ed  to  favorable  conditions. 

Some  bacteria  are  and  some  are  not  very  sensitive  to  changes  of  tem- 
perature. At  a  temperature  below  +  5°  C.  they  are  incapable  of  marked 
activity  or  proliferation.  At  +  7°  C.  a  slow  growth  has  been  observed 
in  various  species.  Many  fonns  may  remain  alive  for  long  periods  frozen 
in  ice,  while  some  are  not  killed  by  a  temperature  of  —250°  C.  As  the 
temperature  is  raised  their  activities  increase  up  to  a  certain  poiut.  Jt 
may  be  said  in  general  that  they  are  most  active  at  about  the  temper- 
ature of  the  body,  although  sjiecies  differ  considerably  iu  this  respect. 
In  fluids  many  bacteria  are  killed  by  a  prolonged  exposure  to  a  temper- 
ature of  from  50°  to  70°  C.  or  even  less.  On  the  other  hand,  certain 
species  grow  at  a  temperature  of  fi-om  60°  to  75°  C.  Such  are  called 
thermophilic  bacteria,  \V'hen  dry  they  resist  much  higher  temperivture 
than  when  moist.  All  known  bacteria,  save  a  few  very  invulnerable 
spore-formiug  species,  are  killed  by  a  short  exposure  in  the  presence 
of  moisture  to  a  temperature  of  100°  C.  The  spores  are,  as  a  ride,  more 
resistant  to  high  temperatures  than  the  bacteria  themselves,  some  having 
been  exposed,  dry,  to  a  temperature  of  140°  C.  without  destruction  of 
life.  Fluids  containing  the  spores  of  bacteria  which  resist  very  high  tem- 
peratui'es  may  be  sterilized  by  boiling  for  a  short  time,  then  being  allowed 
to  stand  at  ordinary  temperatures  for  several  hours,  and  then  again  boil- 
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ing ;  this  process  being  repeated  several  tiroes.  In  this  way,  althottgh 
the  spofes  themselves  are  not  killed  by  the  heat,  the  bat'-teria  into  which, 
if  the  conditions  he  favorable,  they  develop  during  the  intervals  are 
killed,  so  that  finally  the  medium  is  entirely  freed  from  both  living 
spores  and  adnlt  bacteria.  Strong  light  is  in  general  inimical  to  the  life 
and  growth  of  bacteria,  and  by  direct  sunlight  many  forms  are  readily 
killed.  Various  forms  of  electricity,  rapid  and  continued  vibration,  the 
action  of  radium,  etc.,  may  kill  bacteria. 

Hotility. — Some  bacteria  are  capable  of  performing  rapid  movements, 
others  are  not ;  and  the  same  form  may  be  at  one  time  motile  and  at 
another  immotile,  depending  upon  external  conditions.  Movement  is 
largely  confined  to  the  rod-like  and  spiral  forms,  but  has  been  observed 
iu  the  spheroidal. 

It  has  been  shown  that  certain  of  the  motile  bacteria,  when  suspended 
in  fluids,  are  attracted  toward,  or  repelled  from,  dissolved  chemical  sub- 
stances. This  is  called  chemotaxix  (see  p.  Ill),  and  it  is  termed  positive 
or  ne^itive  according  as  the  organisms  are  attracted  or  repelled. 

OermlcideB. — Ortain  chemical  agents,  when  brought  into  contact  with 
bacteria,  greatly  reduce  their  activities  or  destroy  their  life  altogether; 
but  different  8j>ecies  differ  greatly  in  their  capacity  of  resistance  to 
these  agents.  The  spores  of  certain  bacteria  are  exceedingly  resistant, 
much  more  so  than  the  bacteria  themselves,  to  the  action  of  disinfecting 
agents.  Among  the  chemical  substances  commonly  used  as  disinfectants 
may  be  mentioned  formallD,  carbolic  acid,  and  especially  solutions  of 
corrosive  sublimate,  which  is  very  inimical  to  the  life  of  most  bacteria 
and  their  spoix-s,  even  in  exti-emely  dilute  solutions. 

The  SiBtribstion  and  Kole  of  Bacteria  in  Nature ;  Hetabolism,  etc. — 
The  bjicteria  play  a  very  imporiant  role  in  nature  in  virtue  of  their  power 
of  feeding  upon  and  decomposing  dead  organic  material.  A  part  of  the 
new  chemical  compounds  which  are  thus  formed  may  be  used  by  the  bac- 
teria for  the  pni-poses  of  their  own  nutrition  and  growth,  while  the  rest 
are  set  free  to  serve,  sooner  or  later,  as  food  for  other  forms  of  plants  or 
animals.  In  the  decomi)ositions  which  are  brought  about  in  nature  by 
the  bacteria  those  compounds  of  nitr<^n  and  carbon  dioxide  are  set  free 
which  are  essential  for  the  nutrition  of  the  higher  plants. 

Without  the  activities  of  bacteria,  life  could  not  be  long  maintained 
upon  the  earth,  since  the  necessiirj'  carbon,  hydri^en,  oxygen,  and  nitro- 
gen would  soon  l)e  iwrmaneutly  locked  up  in  unavailable  form  in  organ- 
ized material.  Through  the  action  of  the  various  nitrifying  bacteria  in 
the  soil,  ammonia  is  decomposed  with  the  formalion  of  water  and  nitrous 
acid;  nitrous  is  converted  into  nitric  acid.  The  socalle<J  denitrifying 
Imcteria  reduce  nitrates  to  ammonia  and  to  nitrites.  In  these  ways, 
among  others,  water  pejcolating  through  the  soil  may  l>e  fi'ced  from 
objectionable  org-anic  compounds.  There  are  certain  soil  bacteria  which 
aid  special  groups  of  plants  to  fix  nitrogen  from  the  surronnding  media 
and  make  it  available  for  the  nse.s  of  the  plant.  A  lai^e  number  of 
complex  chemical  substances  are  elaborated  during  the  growth  of  bac- 
teria, their  nature  varj'ing  with  the  species  of  bacteria  and  the  compod- 
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fdon  of  their  nutrient  materia!.  Some  of  the  chemical  compounds  set  free 
by  the  growinR  Itacteriaare  bad-smelling  or  aromatic;  some  are  inert  and 
harmless  snbstances;  some  are  powerful  poisons,  and  may,  when  they 
have  accumulated  in  the  fluids  where  they  grow,  inhibit  activity  and 
growth  or  even  destroy  the  t>aeteria  which  have  produced  them. 

Fermentations  and  putrefactions  are  due  to  the  activities  of  micro- 
oi^nisms,  some  to  bacteria,  some  to  yeasts,  some  to  moulds.  Putrefac- 
tion is  a  form  of  fermentation  in  which  nitrogenous  compounds  are 
decomposed  by  micro-organisms  setting  free,  especially  in  the  absence  of 
oxygen,  bad  smelling  substances. 

Bacteria  which  induce  fermentation  are  called  zymogenic — and  eaeh 
species  induces  fermentation  of  a  particular  character  in  the  preseuce  of 
a  special  substance,  as  glucose,  or  members  of  a  certain  class  of  substances 
such  as  carbohydi-ates.  Some  of  these  fermentations  are  important  in  the 
arts ;  some  are  concerned  in  the  changes  which  food  products  undergo 
under  natural  or  artificial  conditions,  such  as  the  development  of 
koumyss  from  milk  and  the  common  butyric,  lactic,  alcoholic,  and  other 
fermentations. 

The  chemical  changes  which  are  Induced  by  micro-organisms  in  the 
process  of  fermentation  are  extremely  complex  and  little  understood. 

Bacteria  may  develop  in  their  metatmlic  activities  soluble  fermente 
or  enzynux  of  various  kinds  resembling  diastase,  pepsin,  trypsin,  rennet, 
etc.  These  may  remain  in  the  bacterial  cell  or  may  be  diffused  into  the 
surrounding  media. 

Many  bacteria  form  pigments  as  they  grow  (chromoffeuic  bacteria). 
This  pigment  may  be  developed  in  or  upon  the  germs  themselves  or  may 
be  diffused  through  the  surrounding  media  and  may  be  de^'eloped  only 
in  the  presence  of  light,  oxygen,  etc.  Gas-prodncing  bacteria  are  called 
aerogenic.  Certain  species  when  growing  in  masses  emit  a  phosphor- 
escent light — ■j)ft«(offCMic  bacterisi. 

Certain  of  the  basic  chemical  compounds  resembling  the  ^'egetabIe 
alkaloids,  which  are  formed  by  the  action  of  bacteria  in  organic  matter, 
are  called  ptomaine. '  The  chemical  substances  produced  by  certain  forms 
of  bacteria  are  of  practical  iniportaTice  becau-se  they  induce  deleterious 
effects  in  many  of  the  infectious  diseases ;  these  are  called  tojinn.  Com- 
plex proteid  bodies  may  be  produced  during  the  growth  of  bacteria; 
tbe.se  may  be  in  part  set  fi-ee,  in  part  assimilated  in  the  bacterial  cell 
protoplasm.  These  proteid  bodies  belong  in  part  to  the  albnmius,  in 
part  to  the  albnmoses,  while  some  of  them  resemble  the  peptons.  Many 
of  them  seem  to  be  most  potent  factors  in  the  induction  of  the  phe- 
nomena and  lesions  of  the  infectious  diseases.  The  poisonous  albumi- 
nous suljstances  produced  in  the  body  by  the  growth  of  certain  di.sease- 
prodncing  bacteria  are  called  toxalbumms.  These  may  also  be  produced 
in  culture  metlia  by  certain  species. 

Bacteria  are  widely  distributed  in  the  air,  in  water,  and  in  the  super- 
L'  basic  products  produced  io  tlic  tissues  of  living  animals  by  cell 
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ficial  layers  of  the  soil,  where  they  may  he  present  in  euormons  numbers. 
They  are  especially  abaadant  among  the  habitations  of  man,  or  wherever 
nnder  favorable  conditions  of  moisture  and  temi>erature  animal  or  vege- 
table substances  are  undergoing  decay.  They  cliog  tenaciously  to  moist 
surfaces,  but  when  dried,  and  especially  when  dried  upou  conuniDoted 
material,  they  may  float  in  the  air  as  dust.  In  quiet  air  they  gradually 
settle  with  other  forma  of  dust  on  to  horizontal  surfaces,  and  thus  in 
closed,  still  rooms  the  baeteria-laden  air  may  in  a  few  hours  almost  wholly 
free  itself  of  its  livii^  contaminations  by  a  process  analogous  to  sedimen- 
tation in  water. 

Tbis  widespread  transportation  of  bacteria  as  dust  by  moving  air,  and 
the  sx>ontaneou6  cleansing  of  the  latter  by  the  settlement  of  the  germs,  are 
important  factors  in  the  sanitary  problems  which  the  complex  conditions 
of  modem  life  present. 

While  bacteria  may  live  for  long  periods  in  the  dried  state  in  dust 
they  do  not  in  this  condition  multiply.  But  the  upper  three  or  four  feet 
of  the  soil  forms  the  great  abiding,  and  when  moist  the  breeding,  place 
of  the  myriads  of  germs  which  are  concerned  in  the  salutary  work  of 
food  preparation  for  higher  plants.  Large  numbers  of  mould  spores  are 
frequently  mingled  with  the  bacteria  in  dust  and  soil. 

Surface  waters  almost  always  contain  bacteria,  which  may  have  en- 
tered by  aerial  dust  or  from  the  wash  of  adjacent  soil  or  from  direct 
human  or  animal  contamination.  Many  bacteria  find  in  water  favorable 
conditions  of  life  and  flourish  on  what  to  other  forms  would  be  but  scanty 
nutriment.  Many  pathogenic  bacteria  may  remain  alive  for  considerable 
periods  in  water,  but  they  do  not  usually  thrive  there. 

The  water  which  in  many  places  lies  in  hollows  of  the  rocks,  bathing 
the  deeper  layers  of  the  soil  or  gathered  in  caverns  and  recesses  beneath, 
is  called  ground  water.  This  under  favorable  conditions  is  almost  wholly 
free  from  micro-organisms,  these,  through  the  complex  process  of  filtra- 
tion, germ  metabolism,  etc. ,  which  go  on  iu  the  upper  soil  layers,  having, 
together  with  inorganic  contaminations,  been  lai^ely  retained  or  trans- 
formed as  the  surface  water  has  slowly  sought  the  lower  levels. 

The  Eelationihip  of  Bacteria  to  Other  Living  Beings. — So  far  as  we 
know,  with  few  exceptions  the  bacteria  whose  natural  habitat  is  the  soil 
or  air  or  water  are  not  under  usual  conditions  harmful  to  man.  On  the 
other  hand,  it  is  germs  from  the  bodies  of  men  or  animals  who  are  the 
victims  of  infectious  diseaise,  gaining  access  iu  one  way  or  another  to 
these  great  reservoirs  and  sources  of  distribution,  which  occasionally  ren- 
der the  bacterial  flora  of  soil,  and  air,  and  water  of  direct  personal  sig- 
nificance to  man. 

It  will  be  seen  from  what  has  been  said  about  bacteria  and  their  vari- 
ous modes  of  life  that  some  live  in  or  upon  and  at  the  expense  of  other 
living  beings — the  hosts — these  are  parasites.  Others  which  live  and 
grow  apart  from  a  living  host  are  called  saprophytes.  In  either  class  there 
are  forms  which,  through  the  capacity  of  adapting  themseh'es  to  their 
environment,  can  maiutain  at  onetime  a  parasitic,  at  another  a  sapro- 
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phytic  life.  Such  germs  are  called  respectively /(Mwtttrtiiw  parasites  op 
facultative  saprophytes.  Those,  on  the  other  hand,  whose  life  is  strictly 
limited  to  the  parasitic  or  saprophytic  condition  are  called  obligatory 
parasites  or  saprophytes, 

Not  all  the  t>acteria  which  live  in  or  upon  the  bodies  of  men  and 
animals  are  in  the  stricter  sense  parasites.  The  terms  messmates  and 
arnimeniols  have  been  applied  to  snch  organisms  as  simply  live  with,  but 
do  not  necessarily  derive  natriment  from,  the  host. 

In  some  cases  parasitic  life  on  the  part  of  the  micro-oi^anism  may 
contribute  to  the  welfare  of  the  host.  This  is  the  case  in  some  bacteria 
which  live  npon  the  roots  of  certain  leguminous  plants,  and  to  whose 
nutrition  they  contribute  by  rendering  atmospheric  nitrogen  directly 
available  for  the  host.     This  condition  of  life  is  called  symbiosis. 

Specie!  and  Varieties. — As  has  already  been  indicated,  the  morpho- 
logical chanutters  of  bacteria  are  so  little  subject  to  permanent  variation 
under  the  widest  diversity  in  the  conditions  to  which  they  are  subject 
that  we  ai-e  justified  in  the  belief  in  fixed  species.  But  so  susceptible  to 
external  condition  are  the  functional  activities  of  many  species  that  not 
only  is  the  occurrence  of  what  may  be  called  varieties  within  specific 
limits  frequent  nnder  natural  conditions,  but  more  or  less  permanent 
variations  may  be  exiierimentally  produced. 

Almost  all  of  the  functional  activities  of  bacteria  ujKin  which  we  rely 
as  descriptive  characters  may  be  exi)erimentally  altered ;  thus  the  color- 
producing  capacity  may  be  diminished,  the  peptonizing  and  fermentative 
activities  lowered,  the  i)athi^enic  powers  reduced  or  exalted,  and  even 
the  capacity  for  spore  formation  may  be  abolished. 

These  more  or  less  permanent  modifications  of  function  in  bacteria 
may  be  induced  by  artificial  cultivation  under  adverse  conditions  of  tem- 
perature and  nutrition,  by  the  presence  of  deleterious  chemical  agents, 
antiseptics,  etc.,  or  by  association  with  the  body  cells  and  juices  in  sus- 
ceptible or  insusceptible  animals. 

CI.A8SIFI0ATI0N  OF  BACTERIA. 

The  beginning  of  the  systematic  study  of  bacteria  by  exact  and  re- 
liable methods  is  of  such  recent  date,  they  are  so  minute,  and  our  present 
optical  apparatus  reveals  so  few  diflferential  morphological  cliaracters 
beyond  the  limits  of  the  three  primary  classes  already  mentioned,  and  so 
few  withal  of  the  many  existing  forms  have  as  yet  beeu  studied,  that  a 
satisfactory  classification  or  nomenclatui'e  of  the  bacteria  is  not  yet  pos- 
sible. 

Outside  of  the  limit  of  the  primary  classes  above  described  and  based 
upon  the  shape,  we  are  obliged  to  use  for  the  purposes  of  identification 
and  description  the  results  of  physiological  activities  which  the  special 
forms  of  bacteria  display  when  placed  under  diverse  and  usually  entirely 
artificial  conditions  of  food,  temperature,  and  general  environment.  It 
is  evident  fi-om  this  condition  of  affairs  that  what  in  our  attempts  at 
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classifications  we  are  wont  to  call  geuera  aud  species,  are  not  such  in  the 
strict  sense  in  which  these  terms  are  used  in  other  domains  of  biology. 
That  which  corresponds  to  the  generic  name  in  the  more  exact  vocab- 
ularies is  in  ours  nsnally  the  growth  form  which  indicates  the  primary 
class  to  which  the  germ  belongs,  as  coccus,  bacillus,  or  spirillum,  or  some 
growth  modification  of  this,  as  diplocoecus,  streptococcus,  streptobacillus, 
and  the  like.  To  thia  is  usually  appended  a  more  or  less  distinctive 
specific  name,  which  oiMllnarily  indicates  some  noteworthy  physiolt^ical 
capacity  of  the  germ,  such  as  its  peptouizing  power,  the  pigment  which 
it  elaborates,  some  promiuent  chemical  reaction  which  it  initiates,  some 
marked  effect  upon  an  artificial  culture  medium,  its  disease-producing 
power  in  men  or  animals,  or  some  fact  about  its  habitat,  or  the  situation 
in  which  it  was  found.  All  of  these  and  other  heterogeneous  character- 
istics, largely  functional,  which  may  be  developed  under  natural  or  arti- 
ficial couditious,  constitute  data  in  the  life  history  of  germs  npou  which 
the  classification  and  nomenclature  of  bacteria  are  at  present  based. 

As  examples  of  uames  of  bacteria  thus  derived  may  be  cited  Micro- 
coccus luteus,  Diplocoecus  lancealattui,  Surcina  ventriculi,  Bacillus  acidi  lac- 
tici,  SpiriUum  cboicrw  Asiaticw. 

Kotwithstandiug  the  value  of  this  principle  of  grouping  aud  nomen- 
clature, its  inadequacy  even  for  temporary  use  is  becoming  painfully 
evident  as  research  proceeds,  partly  because  of  the  large  variations  to 
which  physioli^cal  activities  ai-e  liable,  and  partly  because  we  cannot 
sharply  distinguish  between  races,  varieties,  aud  species. 

It  is  not  yet  possible  to  say  whether  it  will  ever  be  practicable  in  this 
limited  field  of  lowly  life  to  draw  such  exact  distinctions  tietweeu  geuera 
and  species  as  is  possible  among  higher  organisms. 

Hethoda  of  Uorpholt^ioal  Study  of  Bacteria. 

The  simplest  mode  of  stiiilying  Imcteria  In  t<)  exuinlui?  them  cilher  io  the  fluids  in 
whicli  they  grow  or  in  one-Jmlf  percent  salt  solution.  For  the  study  of  many  of  the 
phenomeiia  of  life  this  method  is  imporlaal. 

This  may  be  aecompllslied  by  the  eAamiuation  of  a  thin  layer  of  the  fluid  uader  a 
cover  alip,  in  the  usimI  way;  or  a  small  drop  may  lie  placed  on  tlie  cover  slip  aud  tliis 
inverted  on  a  lioUow  slide  so  that  the  observation  is  made  in  the  lianging  drop.  A 
streak  of  vaselin  painted  around  tlie  edge  of  the  cover  will  prevent  evaporation  of  tlie 
fluid. 

STAisiN<i.^By  far  the  most  imporiant  aid  in  the  morphoiogieal  study  of  the  bac- 
teria is  derived  from  tlie  use  of  staining  agents.  Most  of  tlie  bacleria  are  stained  more 
or  less  readily  by  one  or  more  of  tlie  basic  anilin  dyes.  The  ease  with  which  tbey  arc 
c<ilored  varies  considerably  in  dillercnt  species  and  with  tlie  difTerent  dyes,  Tlie  tissue 
elements,  and  a  variety  of  other  materials  with  wiiieh  the  bacteria  may  be  associated, 
also  slain  more  or  less  readily  ai  Ihe  same  lime;  but  most  of  these  part  with  their  color 
more  readily  than  do  the  bacteria  on  being  treated  with  alcohol  or  dilute  acids.  It  is 
thus  possible  to  obtain  a  differentiation  in  color  between  bacteria  and  other  structures. 
The  bacteria,  moreover,  differ  among  tliemselves  in  respt'ct  to  the  tenacity  with  which 
they  hold  their  stain  in  tlic  presence  of  decolorizing  agents,  and  upon  Ihis  fact  is  based 
one  of  the  imporiant  methods  of  dislinguistiing  between  different  species. 

Tile  anilin  dyes  more  commonly  employed  for  liact«rla  stiiinlng  arc  fuchsin,  gen- 
tian-viol"!, an<l    methylene    blue.     A   saturated    alculiolic   solution   of   these  dyes. 
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should  be  kept  In  tightly  stoppered  bottles,  and  from  these  tha  more  dilute  solutiona 
required  foi  staining  may  be  prepared.  For  ordinary  purposes  one  part  of  altoboUc 
solution  of  fuchmn  or  methylene  blue,  added  to  twenty  parta  of  water,  will  give  a 
ataining  solution  of  suitable  itrength. 

Special  stains  and  modes  of  staining,  Buch  as  are  necemary  for  some  forms  of  bac- 
teria— the  tubercle  bacillus,  for  example — will  be  described  under  the  appropriate  Iiead- 
IngB. 

To  Stain  Bacteria  in  Fluid»,—A  small  drop  of  the  fluid  is  placed  on  a  clean  cover 
glass,  spread  a  little  with  a  needle,  and  dried  by  gentle  heat.  The  cover  glaas  is  uoir 
held  with  the  forceps,  specimen  side  up,  and  passed  moderately  rapidly  three  times 
tbrough  the  flame  of  an  alcohol  lamp  or  Bunsen  burner.  The  material  on  the  cover  - 
should  not  be  burned.  This  heating  not  only  Axes  the  contents  of  the  Quid  flrmly  on 
to  the  glass  so  that  it  will  not  easily  soak'  off,  but  renders  insoluble  any  albuminous 
materials  which  may  be  mixed  with  the  bacteria,  and  which  might  otherwise  interfere 
with  subsequent  examinations  by  forming  granular  precipitates. 

A  drop  of  the  aqueous  staining  fluid  Is  now  put  on  to  the  dried  specimen  on  the 
cover  glass,  and  if  this  be  held  in  the  forceps  and  tiltei)  slightly  up  and  down  a  few 
times  BO  as  to  bring  fresh  portions  of  the  staining  fluid  into  contact  witli  tin;  bacteria, 
the  staining  will  usually  bo  compk-ted  in  two  or  three  minutes.  The  stain  is  now 
washed  off  with  a  jet  of  water  from  the  wash  bottle,  and  the  specimen  Is  either  mounted 
in  a  drop  of  water  for  temporary  study,  or  the  washuig  wat«r  is  dralne<l  off  and,  after 
drying  in  the  air,  it  is  mounted  directly  in  balsam.  It  is  well  to  use  balsam  which  lias 
been  softened,  when  this  is  necessary,  with  oil  of  cedar  or  xylol  ratlier  than  with  chloro- 
form, since  this  is  apt  to  decolorize  the  bacteria.  Solid  cultures  of  bacteria  should  be 
mixed  with  u  little  wat«r  and  spread  on  the  cover  glass  before  drying  and  staining. 

Gram's  method  {see  below)  is  often  useful  and  in  some  casesalmost  indispensable  for 
the  differential  staining  of  bacteria.' 

To  Slain  BaeUria  in  Tiaues. — The  tissues  should  be  well  hardened  in  alcohol. 
Tbin  sections  are  placed  in  the  above -described  aqueous  coloring  sotutiuos,  where  they 
may  remain  from  flve  to  fifteen  minutes.  In  some  cases  a  much  longer  staining  is  nec- 
easar}-.  Gentle  warming  (40"  to  50°  C)  will  hasten  the  staining.  The  entire  tissue  as 
well  as  the  bacteria  is  in  this  way  deeply  colored.  The  sections  are  riosed  with  distilled 
water  and  then  placed  in  alcohol.  This,  with  varying  degrees  of  rapidity  with  differ- 
ent stains  and  tissues,  gradually  extracts  the  color  from  the  tissue,  most  slowly  from 
the  nuclei.  The  time  required  and  tiie  exact  degree  of  decolorization  to  be  sought  for 
must  be  learned  by  experience  in  different  cases.  Sometimes  five,  sometimes  tliirty 
minutes  arc  required,  sometimes  only  a  few  seconds.  It  is  often  necessarj',  and  tlie 
decolorizing  of  the  tissue  is  thereby  liastened,  to  add  a  few  drops  of  acetic  acid  to  the 
alcohol.  When  acetic  acid  is  usetl  it  sliould  be  finally  tlioroughly  washetl  out  by  alco- 
hol. The  specimens  are  now  cleared  up  by  oil  of  origanum  and  mounted  in  balsam. 
In  specimens  prepared  in  the  above  way.  the  nuclei  of  cells  usually  retain  to  some  ex- 
tent a  color  similar  to  that  of  the  bacteria,  but  their  size  and  sliape  serve  for  the  differ- 
entiation. 

Oram'i  Melhod.— This  is  a  much  more  generally  useful  method  of  staining  bacteria 
in  the  tissues  than  that  just  given,  although  not  in  all  cases  applicable.  The  sections 
are  stained  for  from  two  tit  four  minutes  in  niiilin-geniian-Ti'Aft  totation,  prepared  by 
adding  1  c.c.  anillu  oil  to  30  c.c.  distilled  water,  shaking  thoroughly,  and  filtering 
off  the  excess  of  anilin  oil  througli  a  moistened  paper  filler.  To  the  clear  filtrate  satu- 
rated alcoholic  solution  of  gentian  violet  is  added  in  the  proportion  of  about  1  of  the 
dye  to  10  of  the  anilin  solution. 

From  the  staining  solution  llie  sections  are  transferred  to  a  solution  of  iodin  in 
potassium  lodid  and  water  (I  1.0— KI  2.0— II,0  300.0).  remainin);  from  one  to  three 
minutes,  when  they  arc  transferred  to  strong  nlwihol ;  tills  should  be  changed  two  or 
three  times  so  as  to  dehydrate  the  specimen,  wliicli  at  the  same  time  will  1(k<'  much  of 
its  color.     The  section  is  cleared  in  oil  of  origsnum  to  which  a  Utile  ei>»iin  has  l>een 

'  For  the  metliods  of  staining  spores  see  special  works  on  bacteriology. 
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added,  and  mounted  ia  balaam.    In  Bpccimeoa  prepared  in  Ibis  wa^  the  bacteria  and 
aonm  of  ihc  nuclei  are  violet,  the  remainder  of  the  tissue  is  red. 

In  this  as  in  otlier  methods  of  staining  bacteria  in  tissue  the  sections  are  liable  tc 
shrivel  and  curl.  This  may  in  many  cases  be  avoided  by  fixing  the  sections  on  to  the 
cover  slip  with  albumen  fixative  (see  page  51). before  the  staining  begins,  carrying 
cover  glass  as  weli  as  section  tbrougli  the  Bubsequcnt  processes.  Since  some  bacteria 
are  decolorized  by  Oram's  method  it  is  not  applicable  to  the  staining  of  all  organisms  in 
tissues.  It  ia  often  a  valuable  aid  in  the  differentiation  and  identification  of  species  with 
simitar  morphology — and  in  some  instances,  as  in  the  staining  of  gonorrhoeal  pus,  has  an 
especial  diagnostic  value  (see  page  IM), 

Weigert'i  Modijkation  of  Gram's  MeViod. — The  sections  are  laid  for  halt  an  hour  in 
the  anil  in  gentian -violet  solution  prepared  as  above,  then  rinsed  off  in  three-quarter- 
per-eent  salt  solution,  and  spread  on  a  slide.  They  are  now  dried  with  blotting-paper 
and  covered  for  tvio  minutes  with  the  iodin  solution.  The  iodin  solution  is  now  wash^ 
ofl  in  ihe  water,  tlie  section  dried  with  blotting-paper,  and  decolorized  with  anilin  oil 
«  of  3  parts  of  anlUn  oil  and  1  part  of  xylol,  several  times  renewed.  Finally 
«  cleared  in  xylol  and  mounted  in  balsam. 

In  many  cases  it  is  well  to  accomplish  a  double  staining  by  a  preliminary  contrast 
stain.  Thus,  before  the  use  of  Weigcrt's  modification  of  Oram's  stain  the  sections  may 
be  put  for  half  an  hour  in  a  solution  of  picro-carmin,  then  rinsed  In  water  and  stained 
as  above.    By  this  modification  of  Oram's  method  fibrin  is  deeply  stained. 

L5ffer'i  altaline-tatthylene-Mue  tolutum  is  a  very  valuable  and  powerful  atain  for 
bacteria,  either  in  fluids  or  in  tissues. 

It  consists  of — 

Saturated  alcoholic  solution  of  methylene  blue,  .        .        .80  parts. 
Aqueous  solution  of  caustic  potash  1:10,000,       .        .        .  100     " 

For  staining  l>acteria  in  tissues  the  stain  is  allowed  to  act  for  a  few  minutes.  The 
section  is  then  put  for  a  few  seconds  in  one -half- per-cent  acetic  acid,  then  rinsed  in 
water,  and  the  superfluous  color  removed  from  the  tissue  by  repeated  rinsing  in  alco- 
hol, which  at  the  'same  time  dehydrates  it.  Then  it  ia  cleared  with  oil  of  cedar  and 
mounted  in  balsam.  Care  should  be  taken  not  to  remove  too  much  color  with  the 
alcohol. 

It  should  always  bo  home  in  mind  in  staining  the  bacteria  that  gnat  exactness  is 
not  usually  necessary  either  in  the  strength  of  the  coloring  solutions  or  in  Ihe  time  of 
exposure  of  the  bacteria  to  them.  We  are  seeking  for  certain  eflecia — namely,  the 
staining  of  the  germs— and  this  depends  not  only  upon  the  quality  and  strength  of  tlie 
dye,  the  time  of  exposure,  etc.,  but  also  upon  the  nature  of  the  bacterial  species  and  its 
conditions  at  the  time  the  staining  is  undertaken.  Thus  it  not  infrequently  happens 
that  bacteria  which  will  stain  readily  and  deeply  witli  a  given  solution  when  they  are 
In  a  condition  of  active  growth,  may  be  scarcely  at  all  colored  if  they  have  been  dead 
or  inactive  for  a  long  time,  although  their  outward  sliape  appears  to  be  unchanged. 
So  it  should  be  remembered  that,  while  there  is  little  difficulty  in  most  cases  in  staining 
the  bacteria,  the  operation  is  not  one  of  mere  routine,  but  requires  intelligent  attention 
to  the  particular  conditions  of  the  species  in  hand. 

For  the  recognition  and  study  of  bacteria  the  best  optical  apparatus  is  requi»te. 
An  homogeneous  immersion  lens  (ut  least  one-twelfth)  and  the  AbbG  condenser  are  in- 
dispensable for  ordinary  work. 

Aiiificiftl  Cultivation  of  Bacteria. 

For  the  complete  investigation  of  the  different  fonns  of  bacleila,  particularly  tn 
their  relations  to  disease,  we  must  isolate  them  so  as  to  be  able  to  study  their  life  his- 
tory and  the  effects  of  their  inoculation  into  healthy  animals.  It  has  long  been  known 
that  bacteria  could  be  cultivated  in  a  variety  of  artificial,  so-called  "nutrient  media"  or 
soils.  Fluids  were  formerly  used  for  this  purpose,  but  it  is  very  difficult  to  separat* 
single  species  in  fluids.     Robert  Kocli  introduced,  some  years  ago,  a  technical  hnprove- 
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meDt  of  great  value  fn  the  use  of  solid  media  for  the  ciilttvatioa  nf  bacteria.  Tliej 
usuallj  grow  within  or  upon  the  surface  of  the  solid  nutrient  media  in  Bliarply  cErcum- 
scribed  maaaes.  called  talonie*.  and  different  species  may  grow  side  by  side  in  the  same 


receptacle  tor  considerable  periods  without  In  the  slightest  degree  interfering  with  one 
aoother  or  tending  to  mix.  The  mode  of  growth  and  general  appearances  of  the  pro- 
iirerating  hactcrial  masses  on  the  solid  medium  often  present  very  characteristic  differ- 
ences between  liifTcTeDt  forms,  and  thus  not  only  fumisli  valuable  nieaas  of  ideolifying 
species,  but  render  possible  an  early  detection  of  conlaniination  from  chance  admixture 
of  species.  A  given  species  of  bacteria  may  he  cultiv&led  through  a  series  of  genera- 
tions by  transferring,  with  proper  precautions,  a  minute  portion  from  a  growing  colony 
to  fresh  sterilized  culture  media.  After  cultivation  tJirough  several  generations  the 
apecics  may  Ijc  presumed,  and  by  miciu- 


na.  78.-COLOMKB  IS  Gelitin  Platk  Cultuhk. 

Tbis  cul  BboVB  a  small  portion  of  Uw  culture.  Fig. 
IT.  muDlB^i  Some  o(  tlie  colonies  »re  v»ry  sniBll, 
Mhere  ot »  dllterenl  speelM  »ro  lai^  and  gpreadlnit. 

are  also  employed.    (For  the  details  of  the  : 

suit  special  works  on  bacteriologj',  such  as  Abl>. 

Park'i  "Bacteriology  in  Medicine  and  Surgerj-.")     Theac  i 


scopical  examinations  proved,  I 
tircly  pure,  and  the  effects,  if  any,  pro- 
duced by  its  inoculation  into  healthy 
animals,  tu  be  due  to  it  alone. 

The  Cli-tlbk  Slbbtances.— Tliere 
are  many  culture  media,  some  of  wlilch 
arc  belt  suited  fur  one.  some  for  another 
species  of  liactcria.  Those  most  com- 
monly used  are  meat  broth  (bouillon), 
broth  renilered  solid  by  gelatin  or  agar- 
agar  (called  "nutrient  gelatin"  or  "lut- 
tricuC  agar"),  boiled  potatoes,  milk, 
coagulated  blood  serum,  pleuritic"cLest 
serum,"  or  other  transudates  into  Ihc 
serous  ravities.  Qlucosc  is  often  added 
to  the  media  for  special  purposes,  and 
the  iucortioration  of  litmus  serves  to 
mark  the  formation  of  acids  or  alkalies 
as  the  result  of  hacleriul  metabolism. 
Varinus  special  forms  of  artificial  media 
ethods  of  preparing  culture  media  con- 
Principles  of  Batlcriology  "  or 


1  forms  of  media 
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placed  in  small  quaatitlcB  in  teRt-tiibts  plugged  with  cotton  (Fig.  79)  and  careruily 
Sterilized  by  heat. 

The  STt'DV  of  C<;i.TURKs.-~Let  us  nee  liow  Uie  Dutrient  media  ore  used  in  studjr- 
lug  tbe  baetppa. 

In  the  flrst  place,  it  is  neccBsary  to  get  from  the  various  mixtures  of  several  species, 
as  they  arc  apt  to  oecur  in  nature  or  in  illacased  parts,  siogle  Species  growing  by  ibem- 


Sbowlng  at  tbe  leCC  a  emoiilli.  ul  ihe  rtgbt  a  wrtnkled  KTOwlh  upon  tbe  B[irfai«. 

FtU.  W).— A  <'ILTI*HK  OF  llHTEllIi  OH   1*111*10. 

aelres.  so  that  tlieir  life  history  and  riianirlerx  may  l)e  stuiiietl  in  detail.  To  sbow  by 
an  example  how  this  in  Uiini'.  we  will  siippuse  that  we  liave  a  sample  of  milk  eoiitainiug 
bacteria,  and  wiHli  to  learn  iiow  many  there  ai'c  and  of  what  species,  aixl  to  get  tlieni 
into  separate  n'ceptocles  for  study.  We  melt  the  nutrient  geluliu  or  agar  In  one  of 
the  ti'st  tuU'R,  which  we  know  to  contain  uo  living  bacteria— because  we  have  steril- 
ized both  the  tube  and  its  conlcDCs  by  heat — and  add  to  it  a  measured  volume,  usually 
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0.01  C.C..  or  the  milk,  and  mix  them  by  j^atle  Bbakiog:  we  now  take  a  sbaUow  covered 
glass  dish  called  a  Petri  plate  (see  Fig.  77),  wliicb  has  been  steriliied  by  lieat.  lay  it 
upon  a  eold  surface,  and  pour  out  the  mixture  of  milk  and  nutrient  gelatin  in  a  thin 
layer  upon  it.  When  the  gelatin  sol idi flea,  tbc  invisible  genns  which  the  milk  contained 
are  caugbt  and  held  in  position  by  it,  and  if  the  whole  be  now  set  away  in  a  sulllciently 
wann  place  the  living  bacteria  will  presently  commence  to  grow. 

After  a  few  hours  or  days,  from  each  one  of  tlie  single  living  bacteria  scattered 
through  tbc  gelatin  so  many  new  germs  may  liave  developed  that  they  form  a  mass, 
called  a  colony,  large  enough  to  be  visible  to  the  naked  eye.  As  different  species  grow 
in  different  ways,  some  giving  rise  to  colonies  cf  one  sliape  or  outline,  aome  to  another; 
Home  forming  colored  colonies,  some  fluidifying  the  gelatin,  some  growing  much  more 
rapidly  than  others  (see  Fig.  T8),  we  can  usually  recognise  the  difference  in  species 
either  with  the  naked  eye  or  under  the  microscope,  and  with  a  flnc,  sierili/ed  platinum 
needle  can  pick  out  portions  of  tlie  different  colonies  and  transfer  them  to  the  tubes  of 
nutrient  nieilia  of  one  kinil  or  another  which  we  have  prepared,  and  study  their  growth 
there  in  the  form  of  pure  cultures. 

The  transfer  of  the  germs  to  the  tubes  Is  made  by  plunging  the  needle  which  has 
lojicliMl  the  plate  rolonies  down  into  the  gelatin  or  agar,  or  drawing  it  over  the  surface 
of  the  poialo  or  agar  (Pigs.  79.  80,  and  81). 
This  is  called  inoculating  the  culture  media. 

Xot  Infrequently  it  is  necessary  to  use  the 
agar  culture  medium  instead  of  gelatin  for 
[ilate  cultures,  because  many  disease -producing 
forms  of  germs  do  not  grow  at  a  temperature 
below  tliat  of  the  body,  at  which  gelatin  fluid- 
ifies. 

In  many  cases,  cs]>ccial1y  in  agar  pUtu 
cultures,  the  material  to  be  studied  is  spread 
in  very  thin  streaks,  with  o  sterilized  platinum 
needle,  ovei'  the  surface  of  the  already  cooled 
nutrient  film,  the  colonies  developing  along  the 
surface  streaks  (see  Fig.  H3). 

AnaSrobic  germs  may  be  cultivated  in  an 
atmosphere  of  liydrogen.  the  air  in  the  closed 
culture  receptacles  being  replaced  by  this  gas. 
Or  the  oxygen  may  be  removed  from  this  con- 
fined portion  of  air  in  contact  with  the  cul- 
tures by  chemical  means.  A  description  of  the 
various  simple  oud  emuple):  devices  for  anae- 
robic cultivations  falls  beyond  the  scope  of 
this  work. 

The   moat  scrupulous  care  is  reqtiircd  in 
sterilizing  the  nutrient  media  and  the  uteuails 
and  inatniments  used,  and  the  greatest  caution 
should   be  exercised,  in  transferring  the   bac- 
teria from  one  receptacle  to  another,  to  pre- 
vent   contamination.      A   large  experience   in 
this  sort  of  manipulation  is  necessary  before 
reliable  results  can  he  obtained  in  original  in- 
vestigation, since  the  slightest  error  or  care- 
observe  the  occurrence  of  contamination,  is  liable 
periment^.     It  is  only  by  an  extendca 
of  the  more  characteristic  and  ea^ly 


™ih  or  baeUTia  wltB  fnn 


escape  lltrough  the  sullil  media. 


lessneas  in  handling,  or  f 

entirely  to  vitiate  the  results  of  long 

preliminary  training  in  the  cultlvat: 

recogni7,able  forms,  under  a  variety  nf  conditions,  in  a  perfectly  pure  state,  through  a 

scries  of  generations,  that  one  can  be  assured  of  his  capacity  to  carry  on  researches  in 

this  most  difHcult  and  intricate  field. 

It  is  wiser  for  one  purposing  to  carry  on  bacterial  researches  to  gain  a  practical 


;  purposnig  t 
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acqu&iDtauce  with  methods  and  apparatus  In  a  well-appointed  laboratory,  than  to  make 
the  attempt  to  work  out  the  metUoda  from  books. 

The  methods  of  inoculation  of  animals  with  pure  cultures,  and  the  precautions  to 


no.  te.— PiTHi's  Aou  PuTi  OuLTtrni  or  Bicrnai  raow  thi  UotTB. 

irfBce  of  sterilized  Dutrlent  agar^prevloUBlj  poured  Into  the  sballow  dlsb  uti 

the  moulli.  Mid  tllowlne  tc  stand  In  a  warm  place  for  (ortr-elght  lioure.    Tbe 

■Uthtpr  upots  are  Ibe  "colODlea"  or  maneBoC  germs  □[  TaHoiu  (orma  ntUcb  hare  growD  from  IbelavtelMe 

be  observed,  as  well  as  a  description  of  tlie  various  forme  of  apparatus  made  use  of  In 
practical  bacteriology,  must  be  sought  ia  more  exteuded  treatises  on  this  subject. 

Ckdlection  of  ICaterial  for  Bncterial  Cultttrea. 

^Material  obtained  from  the  human  body  which  is  to  be  subjected  to  bacterial  ex- 
should  be  collected  with  every  precaution  against  accidental  contamination. 


— '     -jki 


Fig.  83.— Sterilized  Cottos  swab  in  a  Stkriliked  titbe  for  Collkctino  FtriDs  CoNTiiNiNd  B*c- 

A  convenient  mode  of  collection  and  transportation  of  small  quantities  of  fluid  or 
semi  fluid  malerial,  sueh  as  exudatts,  discharge.s,  etc.,  for  purposes  of  bacterial  examina- 
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tioD  is  to  twist  a  small  wad  of  absorbent  cottoD  od  to  the  end  of  ao  iron  or  sl<«l  irtre 
about  fire  iDcheB  long,  put  this,  swab  end  foremost,  into  ttie  tube  {Fig.  tjS).  plug  tbe 
mouth  with  cotton,  and  sterilise  the  whole  in  a  dry  oven  (or  an  hour  at  l«0'  C. 

Several  of  these  cotton  swabs  may  be  prepared  at  once  and  kept  on  hand.  The 
Bwab,  carefully  removed  and  saturated  with  the  material  to  be  examined,  is  at  ooce  re- 
turned to  the  tube;  this  Is  plugged,  and  may  be  thus  safely  transported.' 

H.  Teasts. 
These  micro-oi^nisms — larger  thau  bacteria  and  mostly  saprophytes 
— cooaiet  of  oval  or  spheroidal  cells  with  granular  protoplasm  and  a  thiu 
membraue.     They  multiply  by  sprouts  or  buds  frtim 
tbe  parent  cell  (Fig.  84).     The  new  individuals  may 
separate  from  the  old,  or  may  cling  to  them  so  that 
chalD-like  combinations  may  occnr.     They  sometimes 
form  endogenons  spores,  known  as  ascospores.     Some 
species  develop  bright  colors  in  their  growth. 
fHuoajeim.  There  are  many  forms  of  yeasts  which  are  concerned 

in  various  phases  of  fermentation.  Some  of  these,  al- 
coholic fermentation  for  example,  are  of  great  economic  importance.' 
Certain  forms  of  yeasts  flourish  in  the  stomach  daring  digestive  disorders  ' 
and  in  the  bladder  in  diabetes,  without  the  incitement  of  lesions.  Sev- 
eral forms  of  yeast  have  been  proven  to  be  pathogenic  in  lower  animals 
and  in  man.  In  1894  Gilchrist '  reported  a  case  of  blastomycetic  derma- 
titis in  man.    Since  that  time  other  cases  have  been  obser\'ed.* 

m.  Moulds. 

Tbe  moulds  are  considerably  more  complex  in  stmetnre  than  either 
the  bacteria  or  the  yeasts.  Some  of  the  forms  are  very  common  and  uni- 
versally known.  In  general,  it  may  be  said  that  the  moulds  consist  of 
a  series  of  delicate,  translucent,  branching  jointed  threads — mycelium — 
usually  giving  rise  to  hypk<B  from  which,  either  directly  or  iu  more  com- 
plex form  throngh  the  intervention  of  a  special  structure,  the  sporangium, 
the  spores  are  developed  (Fig.  85).  The  moulds  which  are  apt  to  occur 
in  the  human  body  may  be  of  the  former  more  simple,  or  of  the  latter, 
more  complex  type."  Among  the  simpler  forms  of  moulds  which  occur 
in  the  body  may  be  mentioned  the  Achoriou  Schonleinii,  Microsporon 

'  For  further  suggestions  for  Ihe  collection  and  examinalion  of  Hprciniens  for  micro- 
organisms, and  for  references  to  studies  on  the  bact<-ria  of  the  human  body,  see  p.  2K0. 

'  For  a  consideration  of  the  relationship  of  micro-organisms  to  various  forms  of  fer- 
mentation,  with  bibliography,  consult  Jorgemon,  "Micro-organisms  and  Fermentation," 
£ng.  translation,  1900. 

'  Oilthri&t,  Johns  Hopkins'  Hospital  Reports,  vol.  i. ,  p.  269. 

*  For  a  resume  of  the  subject  of  pathojrenic  blastomycctes  witli  experiments  and 
bibliography,  see  FeuUrton,  Journal  of  Pathology  and  Bacteriology,  vol.  vi..  p.  37, 
1900;  and  Slembtrg,  Zicgl.  Beitr.,  Bd.  nxxiL,  1903.  p.  1:  also  RiHetO.  " Bliistomycosis 
of  Skin,"  Jour.  Med.  Res.,  vol,  vi.,  1001,  p.  377;  also  Otis  and  Ec<in»,  Jour.  Am.  Med. 
Assn..  October3l3l.  1908. 

•See  Renvn.  "Etude  sur  raspcrglUosc  rhez  les  animaux  et  chez  I'homme."  Paris, 
1897;  also  Leopold iind  Len,  Gan.  dos  llopitaux,  June  2(itb,  1^97,  Bibl.;  also  Piermn. 
and  Ritrenei,  University  Med.  Jlag.,  August,  1900;  also  Sager,  " Pueumouomykosis 
aspergillina,"  Jena,  1900. 
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furfur,  TnchophytOD  tonsuraus.     There  is  a  cloee  morphological  resem- 

blaoce  between  these  forms, 

Achorion  ScliBtUmnii,  the  favus  fuDgns,  is  formed  of  a  much-branchiDg 

mycelium  from  which  the  spores  are  directly  developed  (Pig.  86).     It 

grows  readily   ou  artificial    cul- 
ture media,  such  as  uutrieiit  agar 

and  gelatin,  at  the  temperature 

of  the  body.    This  fungus  is  most 

apt  to  grow  upon  the  hairy  part 

of  the  head,  where  it  forms  small 

surface  crusts  and  grows  into  the 

shafts  and    root   sheaths  of  the 

hair,  cwiting  iuflammation  in  the 

adjacent  tissue.    Trichophyton  Urn- 

mrans  develops  in  the  form  of  a 

moderately  hranching  mycelium, 

forming  comparatively  few  spores. 

It  grows  in  the  skin,  either  about 

or  apart  from  the  hairs,  or  in  the 

nails,  inducing  the  lesions  of  vari- 
ous phases  of  herpes,  which  differ 

considerably,  dejiending  upon  the 

particular    structures    involved. 

At  body  lemperature  it  grows  readily  on  artificial  culture  media,  differ- 
ing markedly  in  appearance  from  Achorion. 

Microsporon  furfur,  (lie  mould  fnngus  causing  pityriasis  versicolor,  is 

more  prone  than  the  Achorion  to  the  development  of  many  spores,  but 

otherwise  considerably  resembles  it  m oi-p hoi ogi call y.     It  has  not  yet  been 

cultivated  on  artificial  media.  By  its  infiltration  of  the  epidermis,  espe- 
cially of  the  body  and  upper  extremities, 
it  causes  larger  and  smaller  yellowish  or 
brownish  patches. 

The  more  complex  types  of  moulds  are 
only  occasional  dwellers  in  the  human 
body  and  appear  to  be  but  rarely  the 
cause  of  disease,  i>assing,  rather,  a  sapro- 
phytic existence  on  dead  material  in  parts 
of  the  body  which  are  in  communication 
with  the  air.  Thus  they  may  be  found 
growing  on  acennudations  in  the  external 
auditory   canal,    in    dead   tissue    in    the 

na.  w— ACHORioM  BcHONLKisn-rArih,    InuKS.  on  walls  of  cavities,  dilated  bron- 

t-ram  ■  cuitiire.  chi,  etc.     Many  cases  have  been  reported, 

however,  in  which  the  moulds,  esi)ecially 

aspergillus,  have  been  the  apparent  excitants  of  serious  lesions  in  men 

and  animals. 

A  lowly  form  of  micro-organism  frequently  found  growing  in  the 
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inoatb  aud  fauces  and  oesopb^os  of  cbildreu,  in  the  fonn  of  a  whitish 
pellicle — aphthse — is  the  so-called  Otdium  albicans,  which  consists  of 
branching,  jointed  threads  and  spores  which  penetrate  between  the  epi- 
thelial cells.  This  fungus  may  assume  considerable  importance,  when 
in  very  feeble  children  it  blocks  the  (esophagus,  or  when,  as  is  rarely  the 
case,  from  the  surface  of  ulcers  it  i)enetrates  the  blood-vessels  and  gives 
rise  to  visceral  metastasis.  The  exact  relationship  of  this  fungus  to  tiie 
moulds  is  not  yet  very  clear.     It  is  often  grouped  with  the  yeasts.' 

HsthodB  of  Studying  T«aat«  and  Uoulda. 

Tlie  yeast  orgaolsms  are  Id  general  BtaJned  and  cultivated  by  the  ianie  methods  as 
those  used  In  studying  the  bacteria.  By  treating  unslaiued  Bcctiona  of  tissue  contain- 
[ng  them  nith  solution  of  caustic  potash  tlie  organisms  nnay  often  be  readily  demon- 
strated. 

The  moulds  may  be  simply  teased  and  studied  in  glycerin  or  In  glycerin  and  water. 
They  may  be  stained  with  ailialinemeihylene  blue  solution  (LOtfler'e  solution,  see  page 
151).  When  spores  have  formed  in  considerable  numbers  on  the  more  complex  forms 
of  moulds  these  are  not  easily  wetted  by  the  usual  staining  fluids,  because  the  air  clings 
so  closely  among  the  spore  masses.  In  a  mixture  of  four  parts  of  alcohol  and  one  of 
aqueous  solution  of  ammonia  they  are  instantly  wetted,  and  may  then,  with  or  without 
staining,  be  teased  and  mounted  in  glycerin.  In  studying  the  fungus  masses  in  the 
alx>ve -described  skin  diseases  it  is  well,  when  crustlike  masses  are  to  be  teased  apart, 
to  allow  them  first  to  soak  for  a  few  moments  In  a  flve-per-cent  solutioD  of  caustic 
potash.  In  this  solution  they  may  be  studied,  or  they  may  he  leased  and  mounted  in 
glycerin  for  preservation.  Most  of  the  more  common  moulds  are  readily  grown  on  the 
ordinary  culture  media. 

.  '  For  resuni£  and  bibliography  of  relationship  of  yeasts  and  moulds  Co  human  dis- 
eases consult  Itieleer.  Lribari'rh,  and  0»tertag'»  '' Ergi'bnlsse  der  allg.  Aetiologie  der 
ftlenschen.  u.  Thierkrankheiten,"  Abth.  i..  18M,  p.  »93.  Sec  also  llekioen.  Journal  of 
Experimental  MedkHne,  vol.  v..  p.  7T,  1900. 
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CHAPTER  Vn. 

THE  ABLATIONS  OF  MICRO-OHaANISUS  TO  DISEASE- 
INFECTION  AND  IMMXTNITT. 

The  Occurrence  of  Bacteria  and  Other  SCicro-oi^anismB  in 
the  Body:  its  ProtectiTe  Mechanism. 

Bacteria,  are  iavariably  present  in  greater  or  lees  nambers  in  the 
mouth,  uose,  upper  air  passages,  gastro-iutestinal  and  genito-uriuary 
tracts  of  men  and  animals.'  Into  these  places  they  are  more  or  less  con- 
stantly brought  by  the  respired  air,'  by  food  and  drink,  and  in  other 
ways.  But  common  and  often  abundant  as  are  these  germs  upon  the 
external  and  internal  surfaces  of  the  body,  they  do  not  often  pass  through 
the  healthy  mucous  or  cutaneous  surfaces,  so  that  under  normal  condi- 
tions the  tissues,  the  viscera,  and  the  circulatiug  fluids  are  germ-free.' 

Except  for  certain  patht^nic  forms  which  may,  under  unsanitary 
conditions,  have  been  set  free  and  transported  from  men  or  animals 
suffering  from  infectious  disease,  the  bacteria  upon  the  cutaneous  or 
mucous  surfaces  of  the  body  are  for  the  most  part  harmless ;  while  cer- 
tain intestinal  forms  may  even  be  useful  in  promoting  digestion. 

Certain  bacteria  which  do  not  often  and  some  which  never  induce 
disease,  find  in  or  upon  the  human  body  such  favorable  conditions  for 
their  exLsteuce  that  they  are  commonly  present  there. 

The  body  is  guard^  in  varioos  ways  from  the  incursions  of  patho- 
genic and  other  bacteria,  which  may  be  commonly  present  or  only  occa- 
sionally lodged  upon  its  surfaces.  Among  the  protective  agencies  of  the 
body  may  be  mentioned  the  firm,  dense  skin  which  while  intact  protects 
the  interior  from  the  entrance  of  almost  all  known  micro-organisms;  the 
epithelial  investment  of  the  mucous  membranes  iu  several  places  swept 
by  cilia ;  the  protected  situation  of  most  of  the  mucous  surfaces,  the  ger- 
micidal qualities  of  some  of  the  secretions,  such  as  the  gastric  juice, 
mucus,  etc' 

'  For  a  aumniarj  of  facts  coDcerning  the  bacterial  flora  of  the  body  surfaces  conault 
Welch,  "Surgical  Bacteriology,"  "Hyateni  of  Surgery  by  American  AutLora,"  Dennii. 
See  also  Ford,  "Tin;  Bacteriology  of  Healtliy  Organs, "  Trans.  Assoc.  Amer.  Pbys.,  vol. 
XV.,  p.  389,  1900,  Bibl. 

» For  a  r^sumu  of  micro-organism  iu  the  air  see  GotUtein,  Lubarech  and  Ostertag's 
"Ergebnisse,"  Jalirgang  iv.,pp.  Viletaeq.,  1897;  also  PVXA,  "Studies  from  the  Depart- 
ment of  Pathology,"  Col.  Phya.  and  Surg,,  Columbia  UDiversity,  vol.  vii, 

'  It  should  be  remembered  that  the  gastro- intestinal  canal,  the  lungs,  and  other 
viscera  which  are  in  communication  with  the  exterior,  although  within  the  limits  of  the 
body,  still  form,  strictly  speaking,  its  outside,  fn  distinction  from  the  intimate  recesses 
of  the  tissues  in  which  the  life  processes  go  on. 

*For  a  Te3Um6  of  the  protective  action  of  the  skin,  mucous  membranes,  et£.,  see 
MeUchnikoff,  "Immunity  in  Infectious  Diseases,"  Trans.,  1004. 
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But  QotwitbstandiDg  the  safeguards  of  the  body  against  the  access  of 
micro-organisms,  these  do  frequently  enter;  this  may  occur  in  severe  in- 
juries to  the  skin  or  mucous  membranes  or  through  very  slight  and  un- 
noticed abrasions  or  other  solntions  of  continuity.  Entrance  may  be 
gained  to  the  tissues  through  the  minute  ducts  of  the  sebaceous  or  sweat 
glands;  from  the  mouth,  tonsils,  gastro-intestinal  canal'  and  the  respi- 
ratory passages  and  surfaces,  either  with  or  without  obvious  injuries  to 
the  investing  epithelia.  The  rfile  of  insects  in  the  conveyance  of  infec- 
tious agents  is  of  great  importance.'  Micro-organisms  may  enter  the 
body  during  intrauterine  life.' 

When  in  one  way  or  another  bacteria  or  other  germs  have  entered 
the  tissues,  they  may  encouuter  a  series  of  obstacles  to  their  spread  or 
continuance  as  well  as  to  their  proliferation  there,  even  should  the  gen- 
eral nutritive  conditions  be  favorable.  In  the  first  place  the  lymph- 
nodes  frequently  filter  ont  of  the  tissue  fluids  micro-oi^nisms  which 
have  entered  them,  holding  them  back  from  the  general  circulation  or 
destroying  tbera.'  The  power  of  certain  of  the  body  fluids  and  of  living 
cells  under  favorable  conditions  to  kill  and  dispose  of  genus,  should 
these  gain  entrance  through  injuries  or  other  structural  lesions  or  func- 
tioual  disturbance  in  the  barriers,  is  of  great  importance  and  will  be  re- 
ferred to  ^ain.  The  elimination  of  micro -oi^nisms  from  the  body 
through  its  secretions,'  such  as  urine,  bile,  milk,  sweat,  saliva,  etc.,  is  a 
matter  of  great  significance,  but  one  upon  which  the  scope  of  this  book 
does  not  permit  us  to  enter.* 

The  view  has  been  recently  advanced  that  with  no  apparent  lesion  or 

'  For  bibliograpby  coDcernlog  the  permeability  of  the  gastro-intestlDal  canal  for 
bacteria  refer  to  p.  560. 

'XutUiU,  Johna  HopkiDB  HospiUl  Reports,  vol.  viii.,  p.  1,  1900.  For  Btudiea  of 
flies  as  carriers  of  typhoid  see  Hamilton.  Jour.  Am,  Med.  Assn.,  vol.  il.,  February  38tb, 
1903.  p.  676;  also  Mnrtin,  Public  Health.  August,  1908. 

*  For  a  r6Buin6  of  Etudies  on  tlie  coogeiiital  trans [iiis-sion  of  infectious  ageDts  see 
Wiutermann,  in  Kolle  and  Waasennann's  "  Handbucli  der  Mikroorganiamen."  Bd.  1.,  p. 
880,  Bibl. 

*Manfr^i,  Virch.  Arch.,  Bd.  dr.,  p.  385,  1899,  for  a  study  of  tbe  germicidal  and 
other  action  of  lymph-nodes;  also  Btxanpm  and  Labbe,  Arch,  de  MM.  exp^rlmentale  et 
d'Auat.  path.,  t.  X.,  p.   389.  1896. 

'Consult  Slierrington,  "Experiments  on  the  Escape  of  Bacteria  with  Secretions," 
Journal  of  Pathology  and  Bacteriology,  vol.  i.,  p.  358,  1803;  Biedl  and  Kravi,  Arch.  f. 
exp.  Path.,  Bd.  xxxvli.,  p.  1,  1885,  Blbl.;  UinUeand  Lvbaneh,  "Ergebnlsse  der  allg. 
Aetiologie  der  Menschen-  und  Tbierkrankhelten,"  1896,  p,  267.     For  study  of  disap- 

Eearsnce  of  bacteria  from  the  body,  see  Paicloifiky,  Zelts.  f.  Hygiene  und  Infect.  Erauk- 
eiten.  Bd.  38.  p.  S61 :  sec  also  ref  to  Ageh,  p.  624. 

*  For  a  suggestive  summary  of  the  various  factors  which  are  or  may  be  concerned 
In  the  protection  of  the  body  against  ihe  Invasion  and  action  of  micro- organisms,  see 
MetUer,  "  Physiological  Melhwis  of  Protection  of  the  Body  against  Bacteria, "  Trans,  of 
the  Congress  of  American  Physicians  and  Surgeons,  vol.  v.,  p,  12,  1900;  see  also  ref. 
to  Wassennann-  above. 

See  also  for  Iho  importance  of  a  lesion  in  animal  tissues  for  Ihe  lodgment  and  mul- 
tiplication of  bacteria  within  it,  Cheesman  aiid  Meltur,  Jour.  Exp.  lied.,  vol.  ill.,  p. 
683;  also  on  the  slgnlticance  of  granulation  tissue  in  wound  infection,  AJanamieff.  Zleg- 
ler's  Beitrftge,  Bd.  xxll.,  p.  11,  1887;  also  6WAe«  and  mUonn,  Ctntralbl,  f.  Path..  Bd. 
Ix.,  p.  837,  1898.  Bibl. ;  also  Jurgelunai.  Ziegler's  BeltrSge,  Bd.  xxix.,  p.  92,  1901,  Bibl. 
For  the  rOle  of  the  spleen  In  infection  and  intoxication,  see  Courtaont  and  Dvffan.  Arch, 
de  Med.  exp,,  May,  1898,  p.  481,  and  A'icolat  and  Bean,  Jour,  de  Pbys.  et  Path,  gen., 
t.  iU..  1901.  p.  68. 
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with  but  very  Blight  lesious  of  the  ititeiittiniil  mucosa,  bacteria  iu  large 
uuinbers  may  gaiu  access  through  this  to  the  liver,  where  they  may  be 
destroyed  or  under  certaiu  conditions  elimiuated,  either  through  the  bile 
or  iuto  the  body  at  large.' 

Action  of  Bacteria  and  their  Products  in  the  Body. 

When  biicteria  do  enter  and  grow  iu  the  body,  the  cells  aud  tissues 
near  them  may  show  very  marked  alterations,  due  to  their  influence. 
The  cells  may  be  swollen,  or  tbeir  nuclei  may  disappear,  and  the  proto- 
plasm may  be  converted  into  a  mass  of  shining  or  coarsely  granular 
particles,  or  may  completely  disintegrate.  The  intercellular  Bubstance 
near  the  bacteria  may  also  soften  and  distiutegrate.  In  a  word,  the 
tissue  in  their  immediate  vicinity  is  often  found  in  a  conditiou  of  necro- 
sis of  one  kind  or  another.  The  walls  of  blood-vessels  near  which  they 
lie  may  be  damaged  and  the  blood  which  these  carry  may  form  thrombi. 
The  bacteria  may  themsehes  enter  the  vessels  aud  proliferate  in  the 
blood ;  they  may  be  swept  away  as  emboli  to  remote  parts  of  the  body 
(Fig.  41,  page  113),  and  establish  new  foci  of  bacterial  proliferation  aud 
tissue  necrosis — septicwmia. 

Some  bacteria,  instead  of  inducing  a  simple  necrosis,  incite  at  the 
same  time,  as  we  have  already  seen,  a  more  or  less  intense  inflammation 
(Fig.  42,  page  114),  This  inflammation  may  be  of  a  simple  productive 
form,  similar  in  its  efi'ects  to  that  incited  by  the  pi-esence  of  any  irri- 
tating foreign  body;  or  It  may  be  active,  progressive,  and  exudative  in 
character;  or  the  l>acteria  may  determine,  in  some  way  as  yet  unknown 
to  us,  very  peculiar  and  chai-acterislie  inflammatory  changes,  which  re- 
sult in  the  formation  of  new  tissues  of  various  kinds  (see  Tubei-culosis). 
Some  forms  of  bacteria  find  in  the  bUK)d,  others  in  the  tissue  spaces  and 
lymph -vessels,  the  conditions  most  favorable  for  their  proliferation. 

But  the  presence  of  micro-oi^nisms  themselves  is  not  indispen- 
sable for  the  inciteuieut  of  either  local  or  general  pjithological  proccs.ses. 
Tliese  may  W  induced  by  various  chemical  products  elimiimted  or  stored 
up  iu  their  protoplasm  by  the  metabolism  of  the  germs.  These  delete- 
rious thicterlal  products  may,  as  we  have  already  seen,  be  those  alkaloidal 
snlKitances  calletl  poisonous  ptomai'ns  or  toTins,  or  they  may  be  albumi- 
noid substances — loxalbumim  or  toxalbumoses.*  Stored  up  tn  the  proto- 
plasm of  the  germs  themsches,  this  poisonous  material  has  been  called 
badcrio  -protein. 

Some  of  the  poisons  act  locally  at  or  near  the  seat  of  their  manufac- 
ture by  the  growing  germs.  Others  gaiu  iU-cesM  to  the  body  at  large  aud 
are  widely  distributed,  inducing  what  may  be  called  the  ]>henomena  of 
septic  intoTtcation — toxwrnia. 

'  Adiimi,  on  "Ijitent  Infection  and  Siibinrcction."  etc.,  Journ.  of  tbe  Amer.  Med. 
Association.  I>i-rainl>er  IStli  and  28nl.  tmi9. 

•Much  of  tlip  IlkTatiire  on  this  subject  Jias  Imen  brouglil  to^i'tber  by  Vii'igkan  nnd 
yory,  "Cetlulur  Toxins."  Tlie  gene ral  chemical  relatinnship  of  hiiclcrial  products  to 
otlicr  organic  compounds  is  set  forth  in  IMUhunnn't  "Tt-M-llook  of  Ciicmical  Physi- 
ology ami  iSitholr);;)-  " ;  8i'C  also  Opiirnbeimer  ou  "  Bacterial  Poisons  "  In  Kolle  and  Wa»- 
sermanu's  ~  llundbtich  der  Mikroorgauiami-n,"  IJd.  i.,  p.  344. 


CTvCOOt^lC 


THE  RELATIONS  OF  MICEO-OHGANISMS  TO   DISEASE.  165 

The  pheDomena  of  septic  intoxication  may  be  induced  by  the  prod- 
ucts of  bacterial  growth  outside  of  the  body  when  these  in  considerable 
quantity  are  in  any  way  taken  into  it.  This  is  true  not  only  of  poisons 
elaborated  outside  the  body  by  pathogenic  bacteria,  but  also  of  many 
forms  of  bacteria  usually  harmless.  Thus  are  caused  many  forms  of  ' 
food  poisoning  which  simulate  but  are  not  actually  infectious  diseases, 
because  there  is  no  development  within  the  body  of  the  disease-inciting 
germs. 

Similar  local  and  general  effects  may  be  induced  in  the  body  by  other 
poisons  than  those  of  bacterial  origin.  Ricin  and  abrin,  for  example, 
well-known  vegetable  poisons,  and  the  venom  of  scorpions  and  of  certain 
snakes  are  closely  similar  in  their  action  to  the  toxins  which  the  bacteria 
form  either  within  or  withont  the  body. 

It  should  be  remembered  in  this  connection  that  effects  closely  resem- 
bling those  due  to  bacterial  or  allied  poison  may  be  induced  by  toxic 
agents  developed  within  the  body  as  a  result  of  defective  elimination  or 
faulty  cell  metabolism — autointoxication  (see  p.  358). 

Thus  the  deleterious  effects  of  path(^enic  bacteria  npou  the  body  are 
bat  in  small  measure  simply  niecbantcal.  Local  necrosis'  and  inflam- 
matiou,  albuminous  degeueration  of  cells,  lencocytosis  and  other  altera- 
tions of  the  blood,  fever,  structural  lesions  and  functional  disturbances 
in  the  nen'ous  system,  irregularities  in  the  circulatory  and  respiratory 
mechanisms,  etc.,  uiay  follow  the  distribution  in  the  body  of  bacterial 
toxins, 

Froo&  of  the  Infective  Nature  of  Bacteria  Found  in  the 
Body. 

It  will  be  seen,  fiom  what  has  now  been  sa,id  of  the  bacteria,  that  in 
different  parts  of  the  system  in  health,  and  in  a  large  number  of  abnor- 
mal conditions,  various  fonns  of  bacteria  occur;  but  it  is  quite  evident 
that  the  significance  which  we  must  attach  to  their  mere  presence  varies 
greatly.  In  a  large  number  of  cases,  especially  when  on  parts  exposed 
to  the  air  or  in  the  gastro- intestinal  canal,  they  ai«  evidently  of  no  more 
importance  than  so  much  inorganic  dust.  When,  however,  special  forms 
of  bacteria  are  uniformly  pi-esent  in  connection  with  well-defined  dis- 
eases, or  in  their  lesions,  and  especially  if  these  largely  preponderate, 
the  conjecture  is  certainly  justified  that  the  micro-organisms  may  have 
something  to  do  with  their  incitement.  Yet  in  all  such  cases  we  have  to 
consider  the  possi))ility  that  it  is  the  abnormal  state  of  the  body  or  the 
character  of  a  lesion,  brought  about  perhaps  in  other  ways,  which  affords 
conditions  suitable  for  the  growth  of  this  form  of  bacteria,  and  that  these 
may  consequently  be  present  in  considerable  numljera,  while  in  the  ab- 
sence of  such  conditions  they  would  be  unable  to  develop.  Even  the 
constant  occurrence  in  the  body,  in  certain  diseases,  of  bacteria  which 
evidently  produce  well-marked  local  effects,  either  inflammatory  or  de- 
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generatlTe,  does  uot  absolutely  prove  their  etiological  relationship  to  the 
disease,  although  it  renders  it  in  a  high  d^ree  probabl& 

It  is  desirable  in  every  case  in  which  the  evidence  of  the  etiological 
relationship  of  a  specific  micro -organism  to  a  disease  is  to  be  set  forth, 
'  that  we  shonld  be  able  to  demonstrate  the  coustant  presence  in  the  body 
of  the  special  form  of  micro-organism  during  some  period  of  the  disease; 
obtain  this  by  culture  in  a  pure  condition  unmixed  with  any  other  living 
thing  or  with  any  chemical  substance  not  belonging  to  it,  and  finally,  by 
the  introduction  of  the  purified  organisms  iuto  a  healthy  animal,  be  able 
to  produce  the  disease  in  some  definite  form.  When  all  this  is  done,  and 
not  before,  can  we  assert  that  the  evidence  establishing  the  causative 
relationship  between  a  given  form  of  bacteria  and  any  special  infectious 
disease,  is  entirely  at  onr  command. 

But  the  fulfilment  of  these  strict  logical  requirements  is  very  difficult 
in  many  esLses.  and  in  some,  apparently,  almost  if  not  quite  impossible; 
for  we  must  remember,  in  the  first  place,  that  the  lower  animals,  upon 
which  alone,  for  the  most  part,  inoculation  experiments  are  practicable, 
are  apparently  not  subject  to  certain  important  diseases  of  man ;  and, 
second,  that  they  present  among  themselves  the  most  marked  differ- 
ences in  the  degree  and  manner  in  which  they  are  affected  by  inocula- 
tion with  pathogenic  bacteria.  Desirable  as  is  the  complete  fulfilment 
of  the  above  requirements  in  every  case,  it  must  be  admitted  that  a  rea- 
sonable certainty  regarding  the  bacterial  origin  of  a  given  disease  may 
sometimes  be  arrived  at  without  positive  results  from  the  inoculation  of 
the  bacteria  associated  with  its  lesions.  The  ^glutination  test  applied 
under  pi-oper  conditions  may  afford  valuable  evideuce  of  the  nature  of 
an  infection  (see  p.  190). 

The  complete  demonstration  which  is  desirable  has  as  yet  been  fur- 
nished in  but  a  moderate  numl>er  of  diseases.  In  many  others,  however, 
enough  has  been  done  in  the  way  of  study  and  expenmentation  to  render 
it  altogether  certain  that  they  are  infectious  and  to  establish  beyond 
reasonable  doubt  the  identity  of  the  micro-organism  or  micro-oi^nisms 
involved. 

Conditions  Influencing  the  Occurrence  of  Infectious 
Diseases. 

It  has  beep  learned,  as  the  result  of  a  great  deal  of  observation  and 
experiment,  that  although  certain  diseases  are  always  associated  with  the 
presence  and  growth  in  the  body  of  particular  species  of  micro-organ- 
isms, there  are  still  various  other  accessory  factors  which  have  an  im- 
portant bearing  upon  the  inception  and  course  of  the  diseases.  Thus, 
while  the  presence  in  the  body  of  a  particular  species  of  raicro-oi'gauisra 
is  the  most  significant  and  fundamental  of  the  determining  agencies  in  the 
infectious  diseases,  the  numbers  in  which  they  arc  present — i.e.,  the  size 
of  the  dose — and  the  varying  virulence  which  the  same  species  under 
different  conditions  possesses,  as  well  as  the  varying  capacity  of  resist- 
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anee  to  the  incursions  of  the  germs  -whicli  the  body  cells  at  different  times 
and  under  differing  conditions  exhibit,  are  all  factors  of  the  greatest 
moment. 

Malnutrition,  mental  or  physical  overwork,  injuries,  bad  hygienic 
surroundings,  the  abuse  of  alcohol  and  other  forms  of  intemperance,  as 
well  as  many  other  conditions  which  lead  to  deterioration  in  the  general 
health,  are  often  decisive  factors  in  determining  the  intensity  or  even 
the  occurrence  of  the  diseases  due  to  bacterial  incitement.  It  is  thus 
clear  that  the  action  of  a  given  germ  in  the  living  body  dex>ead8  only  in 
part  upon  its  intrinsic  capacities — which  in  tliemselves  are  very  variable 
— but  also  and  in  marked  degree  upon  the  capacities,  also  variable, 
which  exist  at  the  moment  in  the  body  cells  among  which  the  lot  of  the 
germs  is  cast. 

It  should  be  always  borne  in  mind  that  the  human  body  is  a  great 
aggregate  of  groups  of  co-ordinated  cells  which,  under  normal  conditions, 
all  act  in  harmony  for  the  maintenance  of  the  life  and  functions  of  the 
individual.  The  cells  and  cell  communities  in  health  not  only  do  this, 
but  they  have  the  power  of  resisting  and  to  a  certain  extent  overcoming 
various  deleterious  agencies  to  which  the  body  is  more  or  less  constantly 
liable. 

WTiat  we  call  hereditary  or  acquired  predisposition  to  an  infectious 
disea^,  such  as  tuberculosis  for  example,  is  simply  a  lack  of  the  usual 
capacity  of  the  ceils  of  the  body — whether  through  a  structural  or  physi- 
oli^ical  fault  we  do  not  yet  know — to  cope  with  the  destructive  tenden- 
cies of  the  living  micro-oi^anisms  when  once  these  gain  a  foothold  in  the 
body. 

We  thus  see  that,  in  studying  the  conditions  under  which  iufectious 
diseases  occur,  the  work  is  by  no -means  complete  when  the  bacterial 
species  which  incites  the  disease  has  been  discovered,  but  that  then  the 
more  obscure  determining  and  influencing  agencies  must  be  worked  out 
in  each  case. 

Infection  and  Immunity. 

IKFBOTIOUB  BIBXASE  AND  THE  NATTTBE  OF  HTFEOTION. 

Infectious  diseases  are  those  which  are  incited  by  the  entrance  into  the 
body  and  proliferation  there  of  pathogenic  micro-oi^anisms.  Infection  la 
the  act  or  process  by  which  such  diseases  are  incited. 

In  the  more  exact  usage  of  the  words  infectious  and  infection  which 
our  new  knowledge  demands,  it  is  customary  and  convenient  to  limit  the 
term  micro-oi^anism  to  the  fungi — bacteria,  yeasts,  and  moulds— and  to 
the  protozoa  representing  the  animal  kingdom,  excluding  altogether  the 
entozoa  and  other  animal  parasite^;.' 

'  For  a  re8uni6  of  tbe  nature  and  coDditions  of  Infection,  see  Wa«*ermann,  Kolle  anil 
Waasermann'a  "  Hamlbucli  der  Mikroorganiamen,"  Bd.  i.,  p.  2S3.  Bibl. ;  for  a  study  of 
the  genera!  reaction  of  the  body  in  infection  see  Blatnenthtl.  ibid.,  p.  326. 

^  With  tLis  somewliat  arbitrary  limllation,  neither  trichinosis  nor  scabies,  for  exam- 
ple, wouM  be  considered  an  infectious  disease,  altliough  they  are  often,  for  the  lacii  of 
a  distinctive  word,  thus  designated. 
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The  modem  conception  of  iufectioii  implies  the  presence  in  the  body 
of  the  liifinff  luicro-oi^uistus  themselves,  that  is,  of  sometfaiDg  capable  of 
multiplication,  or  at  least  of  reproduction  and  development,  and  not  alone 
of  the  poisons  which  they  may  and  usually  do  produce.  It  is  customary 
to  look  upon  the  effects  of  the  absorbed  poison  which  miero-oi^nisras 
furnish  as  intoxications,  whether  these  poisons  be  formed  inside  the  body 
iu  infectious  diseases  and  in  other  conditions,  or  outside  of  it  and  subse- 
quently introduced.  That  condition  in  which  there  is  evidence  of  wide 
distribution  of  pathogenic  micro-organisms  and  their  products  in  the 
blood  is  called  septiccemia,  (see  p.  202). 

It  is  evident  from  what  has  been  said  that  iufectious  disease  cannot 
exist  without  the  presence  in  the  body  of  micro -oi^nisms.  Bnt,  on  the 
other  hand,  micro-organisms  cau  and  do  frequently  exist  in  the  body 
without  the  iucileuieut  of  infectious  disease.  Whether  a  micro-organ- 
ism be  pathogenic  or  uot  depends  upon  the  variable  susceptibilities  of 
the  host  as  well  as  upon  its  own — also  variable — nature  and  qualities. 
No  micro-organism  is  intrinsically  pathogenic ;  the  very  conception  im- 
plies a  relationship.  This  obvious  fact  is  overlooked  by  those  who  see  in 
the  micro-organisms  alone  the  essential  specific  features  of  infectious 
diseases ;  who  would  classify  these  diseases  exclusively  by  the  nature  of 
their  excitants,  and  who  look  upon  the  latter  as  the  true  "causes"  of  the 
phenomena  through  which  disease  is  manifested  (see  p.  67). 

FOBMB  OF  ISFBOTION. 

Kixed  or  Concarrent  Lifeotion. — It  should  be  borne  in  mind  that  the 
body  which  is  already  the  seat  of  an  infectious  disease  is  usually  espe- 
cially susceptible  to  the  action  of  other  pathogenic  germs,  should  these 
once  gain  entrance;  and  also  that  the  lesions  which  are  associated  with 
many  of  the  infectious  maladies  afford  portals  of  entry  through  the  skin 
or  mucous  membranes  to  other  micro-organisms,  against  the  entrance  of 
which  the  healthy  body  opposes  most  efficient  barriers.  In  fact,  we  now 
know  that  the  action  of  two  or  more  pathogenic  micro-organisms  iu  the 
body  at  the  same  time  is  of  very  frequent  occurrence,  many  of  the  so- 
called  complications  of  the  infectious  diseases  being  due  to  secondary 
infection  with  a  new  germ  species.  Numerous  examples  of  this  "  mixed  " 
or,  better,  " concuri'ent, "  infection  are  noticed  in  other  parts  of  this 
book.' 

Many  important  facts  have  been  revealed  by  the  study  of  bacterial 
association  in  cultures  as  well  as  in  infectious  diseases  of  men  and  ani- 
mals which  cainiot  here  be  considered.'  It  may  be  said  in  general  that 
iu  animals  as  in  man  concurrent  infection  with  a  second  micro-organism 
increases  the  gravity  of  the  original  situation.  On  the  other  hand,  cer- 
tain experiments  seem  to  indicate  that  sometimes  the  concurrent  action 

■  For  liihliograpliy  of  tnixeii  infection  see  Beraluim  and  (jrubfr.  Lubantch  and 
Ostertag'a  " Ergebnisse."  Jfthrg.  3,  for  1«95,  p.  1;  also  Hiiwrmflnn,  in  Kollcimd  Was- 

oanu's  '  llatiilbuc'li  ilcr  Mikroorganisiiicu.    lid.  1..  p.  SOT. 

'Cousult  Th.  ^iiiHh,  Trails.  AsaociaUon  Anifricaii   PliysiciaQS,  vol.  ix.,  p   85.  1804. 
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of  a  secODd  germ — streptococcus,  for  example,  with  the  anthrax  bacillus 
— may  render  a  virulent  organism  comparatively  innoeuous.  But  the  con- 
ditious  of  the  experiments  are  in  either  case  bo  complex  that  the  full  sig- 
DLficance  of  many  curious  phenomeiia  is  not  yet  apparent. 

Congrenital  Infection. — Infection  of  the  fcetus  through  such  lesions  of 
the  placenta  as  permit  of  the  passage  of  pathogenic  micro-organisms  from 
the  blood  of  the  mother  to  that  of  the  child  is  of  occasional,  but  not  fre- 
quent, occurrence,  ^\llile  the  barriers  against  such  transmissions  are, 
under  normal  conditions,  effective,  disturbance  in  the  placental  circula- 
tion, lesions  of  the  vessel  walls  or  of  the  tissues  and  covering  of  the 
chorionic  villi  favor  it.  But  infection  may  occur  without  demonstrable 
evidence  of  such  lesions.  Thnsfwtal  infection  is  known  to  have  occurred 
in  various  phases  of  suppurative  inflammation,  in  tuberculosis,  typhoid 
fever,  anthrax,  syphilis,  the  exanthematous  fevers,  etc.  There  is  con- 
siderable evidence  that  rarely  the  tubercle  bacillus  may  be  transmitted 
from  mother  to  offspring,  and  remaining  for  a  time  inactive  may  later 
Induce  the  characteristic  lesions,' 

Terminal  Infection. — The  victims  of  chronic  disease  of  the  heart,  blood- 
vessels, kidneys,  liver,  etc,  are  particularly  susceptible  to  the  incursions 
of  pathogenic  micro-oi^uisms  and  to  infectious  diseases  of  one  kind  or 
another.  Such  persons,  with  or  without  definite  lesion.><,  are  in  fact  liable 
finally  to  succumb  to  the  complicating  disease.  The  phrase  "terminal 
infection "  has  been  applied  by  Osier  and  others  to  this  concurrence  of 
diseases  of  such  different  nature,  in  which  the  chance  infection  of  a  vul- 
nerable organism  is  so  apt  to  prove  fatal.' 

Great  care  is,  however,  necessary  in  determining  the  significance  of 
the  various  forms  of  bacteria  which  may  be  present  in  the  body  after 
death.  Not  only  may  bacteria  develop  to  a  considerable  extent  in  the 
body  during  the  hours  which  precede  death  when  the  natural  protectii'e 
^encies  are  halting  or  abeyant,  but  this  may  occur  without  such  a  re- 
action on  the  part  of  the  body  cells  as  is  necessary  to  constitute  an  actual 
infection.  Furthermore,  multiiilication  and  distribution  of  bacteria  in 
the  body  after  death  is  of  frequent  occurrence  and  must  in  eveiy  case  be 
taken  account  of  in  weighing  the  evidence  for  tenninal  infection.' 

COMHUNICABILITT  OF  IN7ECTI0ITS  DISEASES. 

It  is  important  in  practical  dealings  with  the  infectious  diseases  to 
consider  them  in  the  light  of  the  relative  liability  of  tran.sinission  of  the 
actually  known  or  assumed  micro-organisms  from  diseased  to  healthy 
individuals. 

In  the  first  place,  it  should  t>e  borne  in  mind  that  the  lower  animals 

'  For  bibliography  and  summary  of  ftptal  inffction  set  Lubnrncli,  "Ergebniase  <ler 
allg.  Aetiologie  iler  Meiischen-  und  Thierkranlilieiton."  Jahrg.  i,,  p.  427,  1805;  also 
Fitehl.  Grancher,  CoiiAy,  and  Marfan'g  "Traitt  dta  Slaladiea  ile  TEnfaace,"  t.  i.,  p. 
454,  bibliography. 

'For  a  study  of  tliis  class  of  cases  see  Flernei;  TransaclSons  Asaoeialiou  American 
PhyBiL-ians,  vol.  Jti..  p.  229,  1896. 

'Consult  Adi'ii-d  aiid  Phiilpin.  Arch,  de  llOd.  experininilale,  vol.  vii.,  p.  25,  1895. 
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are  iDSoaceptible  to  Uie  ravages  of  some  of  the  micro-organiBms  whicli 
readily  incite  infectious  diBease  in  man.  Thus  the  lower  animalB  are, 
so  far  as  we  know,  jiaturally  immune  to  syphilis.  To  certain  diseases  of 
the  lower  aolmals,  on  the  other  hand,  man  is  not  subject.  But  to  certain 
other  infectious  diseases,  tuberculosis  for  example,  both  men  and  lower 
animals  are  susceptible,  and  both  are,  in  fact,  under  the  prevailing  con- 
ditions of  modern  life,  frequent  victims. 

So  far  as  the  liability  to  the  transmission  of  the  infectious  agents  from 
man  to  man  is  concerned,  there  is  a  very  marked  and  significant  differ- 
ence t>etweeu  the  infectious  diseases.  -  It  is  common  usage  to  speak  of  the 
transmission  or  commuuication  of  disease,  as  if  disease  were  a  self-exist- 
ent thing.  This  usage  fosters  much  loose  thinking.  What  we  call  dis- 
ease is  a  process  involving  a  departure  from,  failure  in,  or  perversion 
of  normal  physiological  action,  either  in  the  material  constitutiou  or  in 
the  functional  integrity  of  the  living  organism.  When,  therefore,  we 
speak  of  the  transmission  or  communication  of  disease,  what  we  really 
mean  is  not  that  the  disease,  but  the  agent  capable  under  suitable  coudi- 
tions  of  inciting  the  disease  is  transmitted  or  communicated.  If  we  hold 
this  ob^'ious  implication  in  mind,  it  is  useful  to  group  the  infections  dis- 
eases of  man  into  two  great  primary  classes:  1st,  Those  which  under  the 
usual  conditions  of  life  are  not  readily  communicable.  2d,  Those  which 
under  the  nsnal  conditious  of  life  are  readily  commnnioable. 

But  while,  for  convenience,  we  may  speak  of  non-c&mmunicable  and 
communicable  diseases,  we  should  remember  that  these  two  classes  merge 
into  one  another,  and  that  in  fact  the  agents  of  infection  may  at  least 
artificially  in  all  cases  be  conveyed  from  one  iudividual  to  another.  It 
is  only  when  the  conveyance  under  natural  conditions  occurs  in  a  round- 
about way,  or  through  intermediary  agencies,  such  as  the  mosquito  for 
example,  in  malaria  or  yellow  fever,  that  one  may  advisedly  speak  of 
non-communicable  infectious  diseases. 

Amoug  the  communicable  infectious  diseases  there  exists  the  widest 
difltereiice  in  the  liability  to  transmission  under  ordinary  circumstances. 
Thus  the  infectious  agents  in  smallpox  and  scarlatina  are  given  off  from 
the  body  under  such  conditious  as  reuder  possible  and  frequent  their 
direct  transmission  through  the  air  to  another  iudividual.  In  syphilis, 
tetanus,  and  rabies,  on  the  other  hand,  transmission  of  the  infections 
material  is  rare  or  impossible  without  a  direct  inoculation. 

Between  these  extremes  the  widest  diversity  exists  in  the  liability  to 
transmission  of  the  infectious  agents  of  the  disea.ses  of  this  class.  In 
fact  the  liability  to  infection  on  the  part  of  a  healthy  individual  in  the 
presence  of  a  victim  of  infectious  diseiuse  is  lai^ely  dependent  upon  the 
intelligent  care  which  is  exercised  in  the  disposition  of  the  material  con- 
taining tile  pathogenic  micro-organism  which  in  one  way  or  another  the 
infected  body  sets  free. 

So  that  while  it  may  be  useful  to  arrange  the  communicable  infections 
diseases  in  groups,  or  in  such  serial  order  as  may  indicate  the  degree  of 
communicahility  of  each  under  the  ordinary  conditions  of  life,  if  shoufd 


Digitized  byGoOgIC 


INFECTION   AND   IMMUNITY.  171 

always  be  boroe  in  miud  that  this  classificatiou  is  not  fundamental  as  is 
that  by  which  the  infections  diseases  as  a  whole  are  set  apart  from  other 
diseases,  but  is  closely  dependent  upon  (he  sanitary  conditions  under 
which  each  case  may  be  placed.  Thus  tuberculosis,  or  diphtheria,  or 
pneumonia  may  be  high  on  the  list  as  readily  communicable,  if  the  pa- 
tient be  housed  in  a  crowded  tenement  with  ignorant  or  careless  attend- 
ance, while  if  subjected  to  the  intelligent  ministry  of  sanitary  science 
these  diseases  may  be  accoanted  as  relatively  slightly  communicable.' 

ixxujuvfx. 
Natuee  and  Forms  of  Immunitt. 

We  have  seen  that  an  infectious  disease  is  one  incited  by  the  entrance  into 
the  bod)/  and  proliferation  there  of  pathogenic  miero-organiirms,  and  that  in- 
fection is  the  act  or  process  by  which  such  a  disease  is  incited. 

The  fact  that  all  animals  are  not  equally  susceptible  to  the  ravages  of 
pathogenic  micro-organisms,  and  that  in  man  an  individual  and  often  a 
changing  predisposition  or  invulnerability  to  the  incursions  of  these  or- 
ganisms exists ;  the  further  observation  that  one  attack  of  an  infectious 
disease  often  protects  the  victim  for  a  longer  or  diorter  time  against  a 
recurrence ;  finally,  the  fact  that  recovery  is  ever  possible  when  once 
self-multiplying  disease-producing  germs  have  obtained  a  foothold  in  the 
body — all  these  facts  and  observations  are  of  such  singular  import  and 
Interest  that,  especially  of  late  years,  much  study  has  been  expended  on 
the  nature  of  the  agencies  which  the  body  brings  into  play  in  establish- 
ing immunity  in  the  face  of  microbie  invasion,  and  in  coping  with  the 
various  deleterious  factors  at  work  when  once  a  foothold  is  obtained. 
The  scope  of  this  book  does  not  permit  us  to  enter  in  detail  into  this  most 
fascinating  and  important  field.  We  can  give  only  a  brief  summary  of 
some  of  the  more  important  features. 

Immunity  is  insusceptibility,  or  capacity  for  resistance  on  the  part  of  the 
body  to  disease,  or  in  tfte  more  limited  sense  to  infection  or  intoxication  or  their 
effects. 

If  we  recall  the  ways  in  which  bacteria  damage  the  organism,  it  will 
be  evident  that  immunity  may  be  due  to  the  fact  that  the  micro-oi^n- 
isms  in  ([uestion  simply  do  not  proliferate  in  the  body,  failing,  even 
shoTild  they  gain  entrance,  to  find  the  necessary  conditions.'    On  the 

'  Before  the  knowledge  of  pathogenic  micro -organ  isms  had  become  precise,  readily 
communicable  disensea  were  called  contagloua  in  a  rather  loose  and  iltdeQned  way.  and 
the  unknown  excitant  was  called  the  contagiiim.  Tlie  word  contagious  13  Btill  used,  in 
various  senses,  to  the  detriment  of  science.  We  can  get  along  well  enough  without  it 
by  the  use  of  the  word  communicable  as  above  indicated.  But  if  it  must  still  be  cher- 
ished  it  might  be  wisely  limited  to  the  exanthemata,  whoso  inciting  agents  are  more 
readily  and  commonly  transmitted  through  the  air  from  the  body  of  the  patient  than 
are  those  of  any  of  the  other  infectious  maladies. 

*  For  a  most  suggestive  and  valuable  paper  on  the  adaptation  of  pathogenic  bac- 
teria to  dilTcrent  species  of  animals  see  Theobald  Smith,  Philadelphia  Medical  Journal, 
May  5th,  1900. 
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other  hand,  though  the  conditions  be  in  general  favorable,  substances 
may  exist  or  be  formed  in  the  body  which  destroy  the  invading  germs. 
In  other  words  tliese  may  at  once  or  soon  be  disposed  of  by  germicidal 
substances,  either  in  cells  or  in  solution  in  the  body  fluids. 

Or,  the  toxic  substances  whicli  micro-organisms  set  free,  as  in  the 
process  of  their  nutrition  they  decompose  organic  ingredients  of  che  tis- 
sues or  body  fluids,  may  be  rendered  inert  by  further  decomposition  or 
combluatiou  with  substances  present  or  formed  in  the  tissue  fluids.  Or, 
furthermore,  the  cells  which  are  susceptible  to  the  pi'esence  of  the  toxins 
may  become  less  vulnerable  by  adaptation  to  the  deleterious  effects  of 
the  latter.  Thus  by  a  total  unsuitability  of  the  tissues  or  of  the  general 
conditions  to  bacterial  growth;  by  destruction  of  the  invading  germs; 
by  neutralization  or  destmction  of  toxins;  or,  finally,  by  a  capacity  of 
resistance  or  tolerance  won  through  adaptation  to  a  new  and  intrinsically 
harmful  environment,  we  may  conceive  of  conditions  which  in  a  measure 
account  for  the  known  phenomena  of  immunity. 

Immunity  from  an  infectiotis  disease  may  be  wUural  or  hereditary.' 

The  absolute  or  relative  insusceptibility  of  turtles  and  fishes  for  tet- 
anus, of  rats  for  anthrax,  and  of  the  lower  animals  for  syphilis  and  for 
scarlatina,  are  examples  of  hereditary  or  uatural  immunity  which  we 
need  uot  further  consider  here.  Immunity  is  variable  and  rarely  abso- 
lute, and  is  Subject  to  individual  as  well  as  racial  variation. 

On  the  other  hand,  immunity  may  be  acquired.  Acquired  immunity 
may  be  secured  by  an  attack  of  the  disease  from  which  the  iudividnal 
has  Tecovered— natural  immunization.  Or,  immunity  may  be  acquired  by 
the  introduction  into  the  body  of  some  material  which  gradually  dimiu- 
ishcs  susceptibility  without  inducing  distinct  disease  —  artificial  rm- 
muniixUion.  Acquired  immunity  may  be  transmitted  from  pareut  to 
offspring. 

Most  of  the  infectious  diseases  appear  to  confer  a  certain  degr^  of 
insuscet'tibility  to  subsequent  attacks  of  the  same  disease,  though  this 
may  be  partial  and  temporary.  But  the  exanthemata  afford  the  most 
striking  examples  of  acquired  immunity  after  an  attack  of  infectious 
disease. 

Jjct  us  now  look  more  closely  at  some  of  the  ways  in  which  the  twdy 
may  thus  protet*  itself  fi'om  the  consequences  of  infection. 

It  is  well  known  that  bacteria  artificially  introduced  into  the  blood 
of  animals  may,  after  a  short  time,  wholly  disappear  from  the  circulat- 
ing fluid,  and  be  found  in  large  numbers  in  leucocytes  and  other  cells. 
We  have  already  seen  in  the  study  of  inflammation  (see  p.  116)  that  cer- 
tain cells  of  the  body  are  capable  not  only  of  taking  up  microorganisms 
which  enter  the  tissues,  into  their  protophism,  Imt  may  there  kill  and 
destroy  them  (Fig.  t<6).  This  mode  of  destruction  of  micro-organisms, 
largely  by  leucocytes,  but  also  by  other  mesodermal  cells,  which  when 

'  Forastiiilvof  tlic  ilieories  o(  natural  immunity  see  Miiiler,  Cbl.  f.  Bnk.,  Abth.  I., 
IW.  xxxiv.,  1903.  p|),  4.W,  iVW,  TIM).  For  a  study  with  liiblioKrapliv  of  Ui«  protective 
pnH'UBMts  in  natural  inimimity  bcu  KiiKhill.  Zdts.  f.  Hy({.  u.  lufkr..  llii.  Ixiv..  1008,  p.  1. 
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thus  engaged  are  called  phagocytes,  plays  a  most  important  part  in  the 
establishment  of  immuuity.  On  the  other  hand,  certain  ingredients  of 
the  body  fluids,  formerly  called  alexins  or  "defensive  proteids,"  acting 
outside  of  cells,  have  been  shown  to  possess  marked  germicidal  powers. 
While  thus  it  might  appear  that  two  fairly  distinct  agencies  are  of  im- 
portance in  enabling  the  body  to  resist  tiie  incursions  of  pathogenic 
germ*— cellular  or  "phagocytic,"  and  what  may  be  called  the  "humoral" 
or  chemical— it  is  obvious  that  ultimately  whatever  destructive  power 


the  body  possesses  toward  micro-oi^anisnismnst  be  due,  directly  or  in- 
directly, to  cell  activities.  This  phase  of  immunity  has  t>een  character- 
ized as  anti-microHc,  anti-haderial,  or  bacteriolytic  immunity,  because  it  is 
a  mode  of  protection  in  which  bacteria  are  destroyed  or  their  growth  in 
the  body  is  limited  or  prevented. 

Not  less  important  is  another  phase  of  immuuity — anfiioxic  immunity 
— by  which  the  l>ody  protects  itself  agivinst  the  toxic  substances  throngh 
which,  in  many  instances,  the  most  serious  manifestations  of  infection 

These  two  forms  of  immunity — antitoxic  and  auti- bacterial  or  bsxe- 
teriolytic — will  be  considered  in  detail  in  a  following  section. 

Furthermore,  the  miei-obie  toxins  which  are  set  free  by  the  micro- 
oi^uisins,  like  other  [toisons  may  be  eliminated  together  with  the  waste 
products  of  body  metabolism  through  the  kidneys,  skin,  etc. 

AuTiFiciAr.  Immuxization. 

Qeneral  Kethods  and  Principles  of  Artificial  Immiuiisition. — It  was  not 
possible  to  gain  a  clear  conception  of  the  factors  entering  into  the  com- 
plex problems  of  immunity  until  animal  experimentation  had  revealed  a 
host  of  significant  facts  bearing  directly  iiiiou  questions  which  for  a  long 
time  had  seemed  insoluble.  It  has  been  found  as  the  result  of  experi- 
mental researches,  that  artificial  immunity  can  be  secured  by  gradually 
rendering  the  body  tolerant  to  the  presence  of  the  infective  or  toxic 
!^5eneies  wilLont  actiially  inciting  the  characteristic  specifl*^  disease. 

I.  /»  om*  ci'flM  of  proceiJiires  artificial  immunily  is  necuretl  directly  or  in- 
directly through  the  adion  iaVie  bodif  of  bacteria  or  other  nticroben  or  microlrie 
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poisons  ichose  virulence  has  been  in  one  way  or  another  redvced  bui  not 
rendered  altogether  inert ;  or  by  the  action,  on  relatively  insnaceptible  animals 
of  microbes  or  mierobio  poisons  of  unimpaired  virulence.  Immunity  induced 
in  this  way  as  the  result  of  direct  adaptation  of  the  body  cells  to  the  netc  con- 
ditions  is  caRed  active  immunity. 

1.  Insusceptibility  to  particular  forma  of  infectious  disease  may  be  conferred  by 
inoculatloD  leith  culture*  of  the  germ  inditing  tlie  infection  vlioee  rirvUnce  has  been  artiji- 
eially  reduced.  Tbls  reduction  of  virulcace  of  tlie  micro-organ iama  may  be  accomplisbed 
in  various  ways— by  cultivation  at  temperatures  above  tlieir  optimum;  by  successive 
inoculations  into  insusceptible  animals;  by  prolonged  artificial  cultivatioD  in  the  pres- 
ence of  oxygen ;  by  exposure  to  certain  inorganic  chemical  substances,  as  tbe  diphtheria 
bacillus  to  trioblorid  of  iodin,  antlirax  to  biclirumatc  of  potosb,  etc. ;  by  exposure  of 
cultures  to  organic  extracts  or  products  of  animal  or  vegetable  cell  metabolism;  by 
drying  (hydrophobia),  or  by  exposure  to  sunlight;  and  In  other  ways. 

With  the  virulence  of  tbe  micro-organisms  reduced  in  varying  degrees  in  one  or 
other  of  the  ways  just  mentioned,  the  gradual  hsbitustion  of  the  bodies  of  animals  to 
tbe  presence  of  patbogenic  germs  may  be  pursued  until  cultures  of  full  virulence  are 
tolerated. 

2.  Immunity  may  be  conferred  by  the  injection,  in  gradually  increasing  doses,  of 
the  metabolic  prodvet*  of  bacterial  gnnetli.  either  with  or  without  tbe  dead  bodies  of  the 
germs  themselves— the  bacilli  of  typhoid  fever  for  example.  Tbe  primary  virulence  of 
these  usually  toxic  products  of  microbic  growth  may  be  in  various  ways  diminished, 
by  heating,  by  mixing  with  organic  extracts  such  as  that  of  the  thymus  gland,  or  with 
an  inorganic  chemical  substance  such  as  trichlorid  of  Iodin,  or  by  small  doses  of  the 
already  propared  antitoxin — see  below. 

8.  Immunity  may  be  secured  in  some  cases  by  the  inoculation  of  animals,  which 
are  but  moderately  susceptible  to  the  species  employed,  with  small  but  increasing  quan- 
tities of  germi  liaeing  unimpaired  ninilence.  Under  these  conditions  the  animal  becomes 
less  and  less  responsive  to  tbe  germ,  until  finally  It  may  display  no  reaction  after  a 
quantity  of  the  virulent  culture  which  at  first  would  have  been  inevitably  fatal. 

Immunization  in  man  by  the  direct  use  of  microbes  or  microbic  poisons  or  virus  of 
diminished  virulence  has  been  largely  practised  In  typhoid  fever,  cholera,  and  hydro- 
Ill  active  iinmaDity  the  protective  material  is  elaborated  by  the  im- 
munized iudividual,  the  process  requires  considerable  time,  and  the  effect 
lasts  for  a  considerable  period. 

II,  In  a  seco}id  class  of  procedures  artificial  immunitp  is  secured  by  the 
direct  mingling  of  the  body  fluids  from  an  individual  already  immunized  in 
some  of  the  above  ways  with  those  of  the  individu^U  to  be  protected.  Immunitp 
secured  in  this  way  in  which  the  immunizing  suhstance  used  has  been  elaborated 
by  another  individual  is  called  PASSIVE  IMMUNITY. 

1.  Ettraets  o/raritnit  argaat  and  tieevee  of  oninials  suffering  from  infectious  disease 
rendered  germ-free  and  injected  into  healthy  animals,  have  been  found  in  some  cases  to 
confer  a  certain  degree  of  immunity. 

2.  The  Mood  tenim  of  ajiimatt  jiaturally  immune  to  a  particular  infectious  disease 
has  been  found  on  injection  into  those  which  are  susceptible  to  the  same  disca.se  to  im- 
part in  some  cases  a  certain  degree  of  Insusceptibility. 

3.  Tbe  Uood  serum  finally  of  animate  which  have  been  rendered  in  one  way  or 
anotlicr  artiJIeiaUy  immune  to  certain  diseases,  if  introduced  under  proper  conditions 
into  another  susceptible  animal,  has  been  found  not  only  to  confer  a  temporary  immu- 
nity, but  if  administered  to  au  already  stricken  individual  to  aid  bim  In  the  most  marked 
and  cfHcient  way  to  overcome  the  deleterious  agencies  at  work. 
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The  use  of  blood  serum  of  artificially  immunized  animals  for  tbis  purpose  Is  of  far 
greater  practical  importance  than  either  of  the  methods  1  or  3. 

Id  passive  immunity  the  protective  material  is  ftu-uifihed  ready  made, 
the  effect  is  secured  at  once  and  is  temporary. 

Antitoxic  Immanity. 

It  appears  from  a  study  of  the  resulte  of  artificial  immnnization,  aa 
Tell  as  of  the  immnmty  which  is  involved  in  the  natural  recovery  from 
infections  disease,  that  one  of  the  ways  in  which  immuuity  ia  secured  is 
by  the  formation  of  substances  in  the  body  f  uids  which  in  some  way 
neutralize  or  suspend  the  action  of  toxins — antUoxic  immuniti/. 

Thus  in  diphtheria  and  tetanus  the  antitoxic  substances  are  largely 
developed,  while  in  many  other  infectious  diseases,  such  as  cholera  and 
typhoid  fever,  it  appears  to  be,  in  part  at  least,  through  the  bacterio- 
lytic substances  that  protection  is  secured.  While  in  many  instances 
both  of  these  types  of  protective  substances  may  be  formed  during  im- 
munization, one  or  the  other  is  usually  preponderant.' 

The  antitoxic  substauces  are  most  closely  related  to  the  globulins, 
but  beyond  this  their  chemical  nature  has  not  been  definitely  ascertained.* 

The  effect  of  antitoxin  in  the  blood  in  rendering  harmless  the  toxic 
substances  which  they  form  apparently  is  accomplished,  not  by  the  de- 
struction of  the  toxins,  but  by  a  chemical  union  of  toxin  with  antitoxin, 
whereby  the  former  is  deprived  of  its  capacity  to  injure  cells. 

The  knowledge  of  this  antitoxic  immunizing  action  of  8i)ecially  en- 
dowed blood  serum  has  been  most  fully  developed  in  diphtheria  and 
tetanus. 

During  the  growth  of  the  diphtheria  bacUlus  in  nutrient  broth  a  toxic 
substance  is  developed  which  mingles  with  the  broth.  This  is  called 
diphtheria  toxin,  and  subcutaneous  injections  of  this  toxin  in  animals 
— guinea-pigs,  for  example — piove  fatal,  in  appropriate  dosage,  with 
symptoms  and  lesions  similar  to  those  caused  by  inoculation  with  the 
living  germ.  It  has  been  found  that  by  repeated  injections  of  the  diph- 
theria toxins  in  susceptible  animals,  at  first  with  small,  then  with  gradu- 
ally increasing  doses,  the  animal  may  at  length  become  so  iususceptible 
to  the  action  of  the  poison  that  many  times  the  usually  fatal  dose  is 
borne  without  sensible  reaction.  Similar  immunity  can  be  cotifen'cd  iu 
certain  animals  by  the  mte  of  the  living  cultures  of  the  diphtheria  bacil- 
lus either  fully  virulent  or  with  reduced  virulence  (see  p.  174),  adminis- 
tered at  first  in  small  doses  which  are  gradually  increased. 

In  whichever  way  immunity  be  conferred,  it  has  been  found  that  the 

'  The  damage  or  destruclion  of  bacteria  by  an  ti- bacterial,  bactericidal,  or  bacteriolytic 
snbatances  naturally  limits  or  preventa  the  formatiou  of  toxic  materials  b^  Uie  mlcro- 
orgftnisma,  although  the  cells  of  the  body  may  be  very  susceptible  lo  the  action  of  these. 
Bo  ttiat  the  absence  of  evidence  of  the  establishment  of  aatitoxic  EmmuDity  In  an  infec- 
tious  disease  may  mean,  not  that  the  body  is  incapable  of  tbis,  but  only  that  no  oppor- 
tunity is  offered  for  its  development. 

*8ee  Hug  and  Atkinson,  Journal  of  Experimental  Hedicine,  vol.  v.,  p.  47,  1900. 
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blood  of  the  artificially  immmiized  animal  contains  a  substance,  or  sab- 
stances,  called  diphtheria  antitoxin,  which,  on  being  introduced  ^itb  the 
blood  serum  into  other  susceptible  animals,  may  not  only  confer  a  quickly 
established  inimuuity — passive  immunity — but,  without  destroying  the 
diphtheria  germ,  may  protect  against  its  toxic  effects  when  the  disease  is 
already  under  way.  Thus  through  the  artificial  immunization  of  horses 
and  the  hypodermatic  use  of  the  seium  of  their  blood  in  man  the  so-called 
"serum  therapy"  has  assumed  a  very  important  and  beneficent  r61e  in 
the  prevention  and  treatment  of  diphtheria.' 

Results  similar  to  those  obtained  in  the  study  of  diphtheria  antitoxin 
have  been  realized  in  the  investigations  of  tetanus.  But  the  practical 
value  of  the  tetanus  antitoxin  as  a  therapeutic  agent  Is  leas  obvious.  It 
has  been  shown  further  that  antitoxic  sera  may  be  developed  in  the  txjdy 
during  immunization  to  snake  venom,  vegetable  poisons,  such  as  ricin, 
and  to  other  albuminous  animal  and  vegetable  materials.  Thus,  also, 
through  experimental  adaptation,  the  living  body  cells  may  elaborate  and 
set  free  into  the  serum  substances  which  suspend  the  action  of  ferments, 
like  rennet,  pancreatin,  fibrin  ferment,  etc. 

Not  all  toxic  sut>8tanceB,  however,  are  capable  of  Inciting  the  living 
body  to  the  formation  of  antitoxic  substauces;  nor  ai-e  these  apparently 
formed  in  such  considerable  amonnt  in  most  of  the  infectious  diseases, 
as  is  the  case  in  diphtheria  and  tetanus. 

The  action  of  these  autitoxic  substances  is,  within  certain  limits,  spe- 
cific; that  is,  the  antitoxin  of  diphtheria  protects  against  diphtheria, 
that  of  tetanus  against  tetanus,  etc. ' 

EHBLICH'S   <•  SIDE-CHAIN"  HTF0THESI8. 

We  liave  seen  tliat  a  most  remarkable  series  of  facts  is  developed  by  our  studies  of 
lofectjous  diseases  illumioated  by  the  results  of  aainial  experimentation.  WbeD  tbc 
living  body  is  invaded  by  a  certain  toxic  complex  organic  material,  not  always  of  mi- 
crobic  origin,  tlie  body  adapts  Itself  to  the  new  conditions  by  the  elaboration  of  sub- 
stances  wliicli  protect  it  from  tbe  action  of  lliat  poison.  Each  new  protective  substance 
is  effecUve  against  the  particular  poison  which  induced  its  forniation.  Not  only  tliis, 
but  if  tlio  blood  serum  containing  llicse  new  proteclive  substances  be  tranaterred  to 
another iudividualtbey  protect  him  also — passive  imniuuiiy — against  the  special  poison 
wUicli  called  tliem  forth  in  the  body  of  the  first. 

How  are  me  to  conceive  of  this  wonderful  adaptive  power  of  tbe  living  body  UDdcr 
conditions  which  seem  lo  be  wholly  new  in  the  life  of  the  individual ;  a  power  which 
at  first  appears  to  ti-auscend  the  known  capacities  of  the  body  cells! 

'  The  antitoxic  valucor  power  of  each  specimen  of  antitoxic  scrum  is  experimentally 
determined  by  finding  the  amount  of  the  serum  required  to  protect  the  test  animal 
against  the  action  of  a  definite  amount  of  toxin  of  known  strength.  Various  standards 
have  been  adopted,  the  value  of  the  serum  being  expressed  In  terms  of  the  "nnti- 
tuxin  unit."  For  example,  in  tlic  determtnallun  of  antitoxin  value  made  use  of  by  the 
Department  of  Health  of  the  City  of  New  York,  an  antitoxin  unit  is  the  amount  of 
antitoxic  serum  required  to  protect  a  guinea-pig  weighing  350  grammes  from  death, 
when  one  hundred  times  tbc  fatal  dose  of  diphtheria  toxin  is  mixed  nith  the  serum  and 
the  mixture  injected  subcutaneously  into  the  animal.  The  usual  dose  for  human  ad- 
ministration may  contain  from  three  hundred  to  six  thousand  units. 

'For  a  detailed  consideration  of  the  siH.'cificity  of  infectious  agents  see  EcUt\ii 
Kolle  and  Wassemiann's  "Uandbuch  derMlkroorganismeu,"  Bd,  1..  p.  3SB, 


Digitized  byGoOgIC 


AKTITOXrr  IMMUKITY.  177 

This  singular  mpacily  of  tlic  iKHly  cells  to  develop  iii  emergencies  apparently  new 
sabstancea  liau  tialurally  given  rise  (d  much  study  and  k>  many  speculations  and  liy- 
potlieses.  Tlie  scope  of  tliis  Ixtok  does  nut  pennit  even  an  enumeration  of  these.  Bui 
it  is  necessary  to  bring  forwan)  at  Icnst  in  outline  tlie  so-ctilled  "side  eliain"  liypotliesis 
of  Elirlieti.  by  wliicli  he  strove  to  uceonnt  tor  the  phenomena  of  ootiloxic  immunity  as 
exempimcd  with  especial  cteumesa  in  diphtheria  and  tetanus.  Wilhout  this  hypothec 
ne  are  to-day  slill  practically  at  sea  In  our  Tiews  of  ilie  nature  of  antitoxic  Immunity, 
while  this  remarkable  capacity  of  the  body  lo  niuniiracturc  the  greatest  variety  of 
potent  specific  antidot4-s  to  tlie  nii>st  subtle  and  virulent  poisons  b(!COiiies.  for  the  first 
time,  comprehensible  in  the  light  of  this  ingenious  eoncepliou.  It  is  now  several  years 
since  Ehrlich's  hypothesis  was  cnunciutetl,  ^nd  M'haievcr  niay  be  its  merit  as  a  direct 
contribution  to  stcience,  there  can  be  no  doubt  that  it  lias  been,  in  a  remarkable  degree, 
an  inspiration  to  the  most  fruitful  research.  It  is  practically  tnipos^ble  to  follow  the 
receut  work  on  immunity  without  a  knowledge  of  this  hypothesis  and  familiarity  with 
the  nomenclature  to  which  it  has  given  rise. 

In  order  to  coniprcheud  the  hypothesis  of  Ehrlich  regarding  the  origin  and  nature 
of  antitoxin,  il  is  uecessary  for  us  to  form  willi  him  a  clear  conception  of  celt  assimila- 

We  conceive  of  the  cell  as  a  mechanism  for  the  storage  of  energy  derivci)  from 
wilhout  and  for  ila  release  under  detluitc  conditions.  This  storage  of  energy  is  possible 
through  the  assindlation  and  liuihling  up  by  Ihe  cell  of  toniptex  molecular  combina- 
Uons.  These,  owing  to  their  instability,  are  readily  resolved  into  less  complex  an<l 
more  stable  combinalions  with  the  release  of  the  stored-up  energy.  Thus  is  the  life  of 
the  cell  manifested. 

This  broad  conccplioti  of  the  cell  is  a  purely  intclleclual  one,  however,  for  the  de- 
tails of  cell  metabolism  still  elude  the  keenest  scrutiny  of  the  cliemist.  He  cannot  for- 
mulate protoplasm  nor  express  its  chemical  changes  by  proportionate  symbols. 

■  Now,  accepting  this  condition  of  affairs  as  for  the  moment  inevitable,  Ehrlich 
Becks  to  express  his  view  of  the  character  of  the  cell's  [lerformances  in  general  terms, 
disregarding  its  morphological  peculiarities,  somewiiat  as  follows:  We  may  conceive  of 
the  cell  us  consisting  of  a  central  group  of  very  comtilex  molecular  combinations  which 
maintains  the  cbui'actcrislies  and  special  capacities  of  tlie  cell  us  an  organism  under  all 
the  vicissitudes  of  its  exislcuce.  Associated  with  this  central  organic  group  are  many 
and  varied  subsidiary  atom -complexes  which  by  means  of  their  unsatisSed  affinities 
bring  the  central  group  iuto  relationship  with  foinl  material  through  those  chemical 
combinations  wliich  in  living  protoplasm  cliaraclcri/c  assimilaliou. 

These  unsalisHed  afllnities  by  which  assimilable  material  is  fixed  or  united  to  Ihe 
cell  have  been  called  "side  chains,"  a  term  adopted  from  the  chemist.  Not  to  press  toe 
closely,  however,  the  analogy  between  the  chemical  processes  in  lifeless  stdistanco.i  aud 
assimilation  In  living  matter,  these  afBnIties  or  "siile  cliain8"of  protoplasm  arc  now 
commonly  called  rfre/itafi. 

If  we  seek  to  illustrate  Ehrlich's  conception  we  shall  l>e  obliged  to  use  graphic 
Ajfures  of  extreme  crudity.  If  the  arc  of  a  circle  in  Fig.  87  represents  a  portion  of  the 
periphery  of  a  cell,  wo  may  indicate  Ihe  side  chains  or  afflnities  or  receptors  by  projec- 
tions whose  si)ecial  sliape  shall  Indicate  their  special  capacity  to  combine  with  any 
substance  coming  in  contact  with  tliem  under  favorable  conditions.  Suppose  in  this 
figure  we  let  »  represent  a  nutrient  molecule  which  is  capable  of  combining  with  the 
receptor  b,  belonging  to  the  cell  A  Through  its  union  with  b,  and  only  through  this. 
Is  it  capable  of  entering  into  the  nietabolism  of  the  cell.  This  molecule  a  cannot  unite 
with  tlie  receptor  e  or  rf.  but  only  with  such  receptors — to  use  the  crude  expression 
which  our  illustration  requires— as  it  tits.  Through  the  receptors  e  and  d  other  forms 
of  food  molecules  may  enter  into  the  metabolism  of  the  cell. 

Thus  it  is  in  Ehrlich's  conception,  which  after  all  is  only  a  graphic  way  of  illustrat- 
ing the  preliminar}'  phases  of  assimilation  by  living  protoplasm,  that  the  cell  is  capable 
of  selecting  or  "tlxing''out  of  the  host  of  various  substances  with  which  it  comes  in 
contact,  just  those  and  only  tboae  to  which  its  receptors  bear  a  definite  chemical  rela- 
tionship 

12 
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The  game  Uiing  is  irue  of  toxic  as  of  Dutrient  siibBtances.  In  order  to  be  toxic  to 
the  cell  Uiey  must  enler  into  chemical  combioatioD  with  a  suitable  receptor  of  tbe  cell 
Then  only  cao  they  lead  to  the  forms  of  damage  which  we  are  hero  considering. ' 

As  the  result  of  many  studies  on  the  nature  and  effects  of  toxins,  Elirlicb  is  led  to 
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believe  that  tbe  toxin  molecule  consists  of  two  fonns  of  afflnitiea:  one  through  which 

the  rheiuical  union  with  the  cell  la  cSected— called  the  hniitophorus  groups  and  the 

other — called  the  toxophoroua  group— by  wliicli  tbe  damage 

to  Ihe  cell  is  brought  about  when  uncc  the  loxin  molecule  is 

anchored  to  It.  ^^^^^ 

This  conception  may  l>e  illustratetl    as   in   Fig.  88,  in  ^ -A 

which  tbe  to.vophoroiis  group  a  of  the  toxin  molecule  can  lie  ^^^^^'  L 

effective  in  damaging  the  cell  only  when  unite<l  to  the  latter  V         y " 

by  Ihe  baptophorus  group  b.' 

Having  now  conce1ve<l  of  the  living  cell  as  conBinting  of 
a  central  essential  complex  molecular  group,  brought  into  rc- 
ktionship  with  its  food  niatcriats  by  means  of  a  great  number  _ 

of  the  most  varied  receptors,  through  which,  under  normal      TRvfiNe  stpposrn  r 
conditioiia.  assimilatioD  Is  secured,  let  us  see  what  may  hap-       v^i^ilk    ^'"'  '^''''"' 
pcnif  toxinscomeincontattwith  livtngcclls  which  arc  fur-         ^,  Tox^rom  nwip: 
uLtlieil  with  receptors  capable  of  uniting  with  them.  '•■  topiopimrous  Kroup. 

The  union  of  the  toxin  molecule  with  tlie  hving  cell  bi-ing 
efTecti-il,  the  cell  is  more  or  less  damaged.     If  the  damage  be  sultlcient,  the  cell  dies. 

'  It  Is  evident  from  what  has  been  said  about  the  conditions  under  which  subataaces 
can  be  toxic  tliat  the  natural  immunity  of  one  animal  to  a  given  agent  which  is  toxic 
in  another  may  he  simply  due  to  the  fact  that  the  c<'lls  of  the  former  have  no  receptors 
with  which  U'lis  agent  can  unite,  or  if  tliia  union  does  take  place  that  the  cell  is  not 
thereby  damaged.  This  consideration  lias  an  iniportant  bearing  upon  our  conception 
of  natural  immunity, 

'  Eiirlich  was  led  to  this  belief  in  the  comlilex  nature  of  the  toxin  molecule  tlirough 
the  cOrious  fact  that  diphtheria  toxin  may  unclcr  a  variety  of  conditions  lose  its  toxicity 
but  still  retain  its  cat)aeity  of  neutralizing  antitoxin  and  also  of  uniting  with  cells,  and 
thus  inducing  the  formafion  of  antitoxin  in  the  animal  IttiAy.  Such  toxin  molecules 
deprivcil  of  the  toxophorous  group  arc  called  liii-Ails. 
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But  auppoa«  the  damage  to  be  but  slight,  aa  mny  be  tlic  case  in  artillclnl  immuniza- 
tion or  ID  early  stages  of  an  inrection. '  The  cell  is  at  least  deprived  of  Uie  useful  offices 
of  the  receptor  to  which  the  toxin  molecule  is  now  united.  This  is  in  itoelf  a  lass  to  the 
celt,  and  through  the  regenerative  impulses  common  to  all  living  celts  it  proi-eeds  to 
regeuerate  the  lost  parte,  whicli  in  this  case  are  the  receptors.  But  as  more  receptors 
ore  thrown  out  of  function  by  the  continued  action  ot  the  toxin,  the  necessity  for  com- 
pensation continues. 

Now  it  is  a  fact  long  known  to  pathologists,  an<l  especially  cmphadzed  by  Wcigert, 
that  the  regenerative  impulse  is  apt  to  be  in  excess  of  the  obvious  reijuirements  and 
leatls  to  overproduction  of  new  cells,  tissues,  chemical  substances,  etc.  Tina  is  wliat 
now  happens  to  the  cells,  some  of  whoso  receptors  have  heen  rendered  useless  by  com^ 
binalioD  with  the  toxin.  New  rcccptora  arc  formed,  more  tlian  the  cell  requires;  so 
numerous  may  lliesc  become  that  many  are  at  last  cast  off  into  the  blood.  Here  is  tlie 
point  at  last,'  Tticte  reetplort  or  »ub»tiinee«,  iiormaland  iiMful  U>  the  body,  but  nine  formed 
in  extfH*  through  oeer-fumpeii»ation,  and  tet  free  from  l/ie  ctlU  into  tht  body  Jiuidt,  are  tht 
aiititoxiit. 

For,  Bet  free  in  the  iKMly  fluids,  these  superBuous  receptors  still  retain  their  com- 
bining power  for  the  free  toxin  molecules,  which,  also,  are  in  solution  in  the  iKidy  fluids, 
and  unite  with  theni.  This  union  having  been  elTccted,  the  toxin  molecules  arc  no 
longer  a  menace  to  llie  cell,  because  the  affinities  are  unw  satisfied  through  which  Ibey 
joined  the  receptors  while  these  were  still  a  part  of  the  celt,  and  In  this  way  became 
harmful.  This  now  inert  combination  of  toxin  molecules  and  detached  receptors  is 
physiologically  IndiiTerent  stuS,  and  may  be  removed  from  the  body  by  the  usual  proc' 
esses  of  excretion. 

But  the  antitoxin  wliich  has  not  uuited  with  toxin  in  the  body  of  the  animal 
which  prmluced  It  is  still  available  on  the  transference  of  the  serum  to  another  in 
dividual  whose  blood  contains  diphtheria  toxin,  and  who  may  tliua  secure  passive 
Immunity. 

If  we  have  recourse  again  to  the  graphic  metlio<l,  the  byperproduction  of  recep- 
tors by  the  damaged  cell,  their  separation,  an<l  their  action  as  antitoxin,  may  be  indi- 
cated, as  in  Fig.  H9.  I^t  A  represent  a  portion  of  a  cell  body.  The  loxic  molecules 
a,  uniting  with  tlie  receptors  b,  lead  through  the  injury  to  the  cell,  as  well  as  by  its 
deprivation  ot  the  normal  use  of  ft,  to  the  production,  and  at  length  to  the  overproduc- 
tion of  new  receptors  of  the  same  kind.  These  superfluous  receptors  e  are  now  set  free 
into  the  body  fluids,'  where,  as  at  r,  tliey  may  freely  unite  witli  the  toxin  molecules, 
forming  harmless  compounils  and  preventing  furtlier  access  of  the  toxin  to  tlie  cell, 
where  alone  the  damage  can  bo  done.  Or.  when  free,  as  at  y.  the  receptors  may  be 
traasferred  iu  tlic  serum,  bcconiing  effective  as  antitoxin  in  another  individual. 

It  Is  well  to  note  tliat  so  long  as  the  receptor  maintains  its  connection  with  the  cell 
it  is  not  antitoxin,  but  an  element  of  vulnerability  to  the  cell.  It  is  only  when  the 
receptor  has  been  set  Free  from  the  cell  that  it  is  antitoxin. 

The  antitoxic  substance  whicli  neutralizes  the  action  of  the  toxin  molecule  of  diph- 
theria is  not  effective  for  the  poison  of  tetanus,  for  example,  simply  because  It  does  not 
combine  with  the  molecule  of  tetanus  toxin.  It  i»  specific  for  diphtheria,  because  it 
was  the  dIphtbeHa  toxin  which  excited  its  overpaid uction  through  a  chemical  union 
identical  in  character,  whether  this  union  takes  phice  while  the  receptor  is  a  part  of  the 
cell,  in  which  case  the  toxin  becomes  harmful,  or  when  the  receptor  is  detached  from 
tlie  cell,  in  which  cose  the  combination  is  harmless. 

In  the  light  of  this  hypothesis  the  specific  character  of  the  antitoxic  substances 
appears  to  be  but  the  result  of  adaptation  to  unusual  conditions  of  cell  capacities  evolved 
and  fostered  for  the  every-day  maintenance  of  life.  The  specific  relationship  between 
(he  toxin  and  the  antitoxin  is  not  developed  during  immunization,  hut  existed  before- 
hand as  a  nccc3.sttry  condition  of  toxic  action. 

This  hypothecs  not  only  accounts  for  the  formation,  protective  action,  and  sped- 
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flcity  of  antitoxin,  but  revcala,  also,  a  special  siguificoiice  in  tlip  inculmtioo  period,  dur- 
ing wliicb  tlie  conservative  forces  are  musteriu^.  We  can  realize,  furlliermore,  in  tlie 
liglit  of  tills  hypothesis,  liow  it  is  tliat  llic  proiecUoD  scnured  iu  active  imniuDization  is 
less  innnediate  and  also  wliy  it  is  nidrc  prulongeil  llian  ia  the  passive,  since  in  the  latler 
tlie  available  antitoxin  is  limitvtl  to  the  diisagu  anil  ta  not  rcplenislicd  as  in  active  ini 
munity  by  the  continued  cell  activities  of  llie  affected  individual  himself. 

The  couceptiou  of  Ehrlich  as  to  the  nature  of  antitiain  is  tliat  of  the  chemist,  and 
carries  over  to  tlie  performanfes  of  protoplasm  the  presumptions  upon  which  chemical 
'n  general  are  conceived  and  formulated.     But  (his  is  not  an  easy  matter,  since 
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our  knowli-dgc  of  the  ultimate  phases  of  protoplasmic  metal>i>lisni  is  very  incomplete. 
Tile  physiological  eheniist  presents  to  ns  as  his  Anal  aehievenieut  in  analysis  an  ex- 
tremely elaborate  complex  which  he  calls  the  proleid  molecule.  This  he  does  nut  yet 
venture  to  formulate.  Thus  it  is  tliat  when  we  attempt  to  illustrate  in  graphic  fashion 
our  conception  of  the  irerfonnances  <)f  jiroteid  molecules,  either  in  ncimiHl  metabolism 
or  in  poisoning,  we  are  force^l  to  use  the  crudest  of  symbols.  The  use  of  such  symbols 
Is  not  without  hazard,  for  IIickc  toxins  and  these  receptors  are  in  truth  not  histological 
structures,  but  molecular  groups;  they  arc  not  alone  upon  the  surfaces  but  through 
all  the  mass  of  the  protoplasm.  Tliey  do  not  ~  break  "  ok  front  the  cell,  but  are  set  free 
as  are  other  chemicnl  substances  which  result  from  molecular  tcansfonnatioDs.  Thu!4 
if  one  cannot  at  last  translate  these  uncouth  symbols  into  the  nice  conceptions  of  the 
chemist  they  will  prove  but  stumbling  blocks. 

There  has  been  much  discussion  of  Ehrlich's  hypothesis,  and  it  has  withstood  many 
assaults,  mostly  ins].ire<1  by  misconceptions  of  the  fundamental  claims.     The  scope  of 
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thts  book  docs  not  permit  us  to  considtr  the  maDy  and  iugeaioue  experiments  by  whicli 
Iliis  view  of  antitoxic  immuuity  lias  bi.'cn  sustAincd.  nor  is  it  practicable  now  to  call 
attention  to  many  of  Hie  plienomeiuk  not  yet  accounted  for  or  seemingly  inconaisteut 
witli  tlie  interpretations  here  set  fortli 

It  in  a  workiDg  tiypotlicsis  wliicii  no  doubt  indicatea  but  crudely  llic  oAture  of  tlie 
subtle  processes  eoncenied.  as  must  indeed  be  tlie  case  wliile  our  knowledge  of  Che 
piinscs  of  energy  which  sway  and  determine  life  arc  still  very  meagre^  but  it  lias 
already  inspired  niiicli  fruitful  research  wliicli  is  an  important  feature  of  working  hy- 
potlic^s  in  whatever  lleld,  and  whatever  their  ultimate  fate. 


Bactericidal  or  Anti-bacterial  Immtuiity  (Bacteriolytic 
Immanity). 

All  extended  serieH  of  studies*  on  artificial  immnniKation  has  shown, 
as  we  liave  seen,  that  in  relat!\ely  few  instances,  iiotably  in  diphtbeiia 
aud  tetanus,  is  tlie  protection  seemed  by  the  formation  of  antitoxic  sub- 
stances. Nevertheless,  when  in  some  of  the  ways  detailed  above  (p.  174) 
an  animal  has  beeu  gradually  adapted  to  cultures  of  pathogenic  bacteria 
either  living  or  de«d,  or  to  their  products,  it  has  been  found  that  the 
body  fluids  contain  protective  substances.  The  protective  action  in  these 
instances  in  some  cases  has  been  shown  to  be  associated  with  the  induc- 
tion of  morphological  changes  in  bacteria  which  indicate  their  damage 
or  destruction — bacteriolysis.  Active  immunization  in  man  with  the 
dead  bodies  of  their  respective  bacleria  has  been  widely  practiced  in  ty- 
phoid fever,  Asiatic  cholera,  and  plague,  with  apparently  favorable  re- 
sults, while  the  use  of  the  serum  of  immunized  animals,  in  these  and  cer- 
tain other  diseases,  has  not  beeu  thus  far  very  encouraging  in  conferring 
passive  immunity. 

While,  therefore,  the  data  at  hand,  in  those  artificial  immunizations 
which  are  not  antitoxic,  point  to  the  gennicidal  and  bacteriolytic  action 
of  substances  developed  in  the  body  as  the  importaut,  if  not  the  domi- 
nant protective  fiictoi-s,  there  may  be  many  other  processes  coiitribnting 
to  the  same  end,  which  are  as  yet  not  clearly  defined.  Thus,  there  may 
be  increased  phjigocytosis;  vulnerable  body  cells  may  become  less  suscep- 
tible, the  growth  of  bacteria  may  be  inhibited  though  they  be  not 
destroyed,  etc.     But  these  possibilities  cannot  be  discussed  here. 

Furthermore,  itsliould  uot  be  forgotten  that  the  antitoxic  action  of 
protective  seia  may  often  be  associated  with  those  agents  which  directly 
damnge  the  infecting  oi^uism. 

As  regards  the  destruction  of  bacteria  in  the  body,  we  have  .seen  that 
this  may  take  place  directly  through  the  actiou  of  phagocytes  or  by  the 
action  of  the  body  fluids.  But  the  details  and  exact  nature  of  this  de- 
structive process  have  been  extremely  difficult  of  study,  owing  to  their 
complexity  and  the  minuteness  of  the  miero-oi^nisms.  Quite  recently, 
however,  a  series  of  remarkable  studies  in  a  related  field  have  led  to  a 
clearer  conception  of  the  ways  in  which  bacteria  and  many  other  alien 
on^anic  substances  are  destroyed  in  the  twdy,  under  ordinary  circum- 
stances as  well  as  under  the  special  conditions  which  infection  involves. 
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Several  years  ago,  Pfeiffer  showed  that  the  hlood  senim  of  a  guinea- 
pig,  artificially  immunized  agaiiist  the  choleia  vibrio,  was  capable,  under 
certain  conditions,  of  uot  ouly  immobilizing  aud  killing  cholera  germs  in 
a  short  time,  bnt  also  of  causing  their  disintegration  and  destruction. 
This  significant  cai>acity  of  immune  serum  was,  after  a  long  series  of  ex- 
periments, finally  found  to  be  due  to  two  distinct  substances.  One  of 
these  appeared  to  be  formed  in  the  body,  as  the  result  of  the  gradual 
adaptation  of  the  animal  to  the  cholera  microbe,  and  was  called  the  im- 
mune substance.  The  other  seemed  to  be  normally  present  in  the  serum 
of  the  warm-blooded  animals,  and  to  be  identical  with  the  substance 
which  had  long  been  regarded  as  in  itself  germicidal,  and  which  had 
been  called  by  Buechuer  alexin.  It  was  presently  found  that  lysis  of  the 
cholera  miciobe  occurred  only  when  these  two  substances  act  together, 
neither  of  them  when  separate  having  lytic  power.  If  the  two  substances, 
the  immune  substance  and  the  alexin,  lytic  when  together,  are  heated  to 
56°  C,  the  lytic  capacity  Ls  lost.  But  if  a  small  amount  of  fresh  blood 
serum  containing  alexin  be  now  added,  the  lytic  power  is  at  once  re- 
stored. These  curious  facts,  set  forth  in  part  by  Pfeiffer  and  further 
developed  by  Bordet  and  Metschuikoff,  obviously  have  au  important 
bearing  upon  our  conception  of  the  processes  by  which  those  phases  of 
immunity  are  secured  in  which  the  destruction  of  micro-organisms  plays 
au  important  part. 

Bnt  the  study  of  the  eflects  of  lytic  sera  upon  bacteria  is  one  of  great 
technical  difficulty,  so  that  it  is  only  since  au  important  seiies  of  obser 
vations  were  made  upon  tlie  lytic  action  of  the  body  fluids  on  other  aud 
more  easily  studied  forms  of  cells,  that  our  conception  of  the  nature  of 
bacteriolysis  has  become  at  all  clear. 

It  is  therefore  necessarj-  for  us  to  look  briefly  at  a  new  line  of  research 
bearing  upon  bacteriolytic  immunity  which  has  already  led  to  most 
significant  results  aud  opeued  biological  fields  of  gi-eat  scope  and  com- 
plexity. 

Cytolyaia. — It  has  been  known  for  some  time  that  the  blood  serum  of 
one  animal  species,  when  injected  into  the  vessels  of  another,  may  do 
serious  damage  and  e^eu  kill  the  latter  through  a  rapid  separation  of 
the  hiemoglobin  from  the  red  blood  corpuscles.  This  dangerous  effect 
brought  to  a  speedy  end  attempts  which  were  at  one  time  made  to  sustain 
the  ebliing  forces  of  life  by  the  transfusion  of  alien  blood.  But  the  sig 
nificauce  of  this  so-called  "laking"  of  the  blood  by  mixture  with  alien 
sera  was  overlooked. 

Bordet,  however,  was  recently  led  to  inquire  whether  if  the  animal 
body  be  capable  of  adapting  itself  to  toxic  substances  and  to  bacteria  in 
such  a  way  as  to  neutralize  the  efifects  of  toxins  and  to  destroy  bacteria, 
as  had  been  shown  by  earlier  experiments,  it  may  not  respond  similarly 
to  the  introduction  of  other  foreign  substances,  such  as  alien  red  blood 
cells,  for  example. 

The  blood  serum  of  the  guinea-pig  is  not  normally  lytic  for  the  red 
blood  cells  of  the  rabbit;  that  is,  it  does  not  cause  the  separation  of  the 


Digitized  byGoOgIC 


BACTBEICIDAL  OR  ANTI -BACTERIAL   IMMUNfTY.  183 

htemoglobiu  from  the  stromata,  with  a  partial  destruction  of  the  latter.' 
Now  Bordet  iojected  a  few  cuhic  ceutimetres  of  tbe  whipped  blood  of 
the  rabbit,  eoataiuiug  the  serum  aud  red  blood  cells,  into  the  subcutAoe- 
ous  tissue  or  peritoneal  cavity  of  normal  guinea-pigs.  This  operation, 
which  does  not  markedly  interfere  with  the  well-being  of  guinea-pigs, 
was  repeated  five  or  six  times  with  interv'als  of  a  few  days.  When  now 
blood  wa.s  drawn  from  the  treated  pig,  allowed  to  clot,  aud  the  clear 
serum  secured,  it  was  found  to  have  become  markedly  lytic  for  rabbit 
corpuscles.  A  very  small  proportion,  mixed  with  rabbit's  blood  diluted 
with  physiological  salt  solution,  in  a  short  time  brought  the  hsBmt^lobin 
into  a  clear  ruby  solution  in  which  the  stromata  or  "ghosts"  of  the  cor- 
puscles floated  as  a  pale  and  scarcely  ^'isible  cloud.  This  process  is  called 
hwmofi/sis :  serum  possessing  this  capacity  is  called  htcmoJytic  or  hwmotoxic 
semm. 

This  adaptation  of  one  animal  to  tbe  red  blood  cellsof  another  species 
may  be  accomplished  without  difficulty  with  a  great  variety  of  animals. 

But  a  most  remarkable  thing  about  this  newly  acquired  lytic  capacity 
of  the  serum  is  that  it  is  limited  to  the  red  corpuscles  of  the  species  of 
animal  whose  blood  was  used  for  the  injection — in  Bordet's  experiment 
to  the  corpuscles  of  the  rabbit.  Red  blood  cells  of  the  dog,  cat,  sheep, 
bovines,  fowl,  etc..  are  no  more  affected  by  this  serum  of  a  guinea-pig 
which  has  been  adapted  to  the  blood  of  the  rabbit  than  they  were  before. 
In  other  words,  the  adaptation  to  foreign  corpuscles  is  specific. 

The  statement  that  this  adaptation  to  alien  blood  is  specific — that  is 
to  say,  that  the  serum  becomes  active  only  for  the  corpuscles  of  the  spe- 
cies injected,  should  be  so  qualified  as  to  recognize  the  curious  fact  that 
a  slight  degi^ee  of  lysis  may  often  be  induced  in  corpuscles  of  species  of 
animals  very  closely  related  to  those  from  which  the  injected  blood  is 
derived.  For  example.  If  a  labbit  be  adapted  to  human  blood  by  intra- 
peritoneal injections,  the  serum  of  this  rabbit,  now  strongly  lytic  for  the 
corpuscles  of  man,  may  be  slightly  lytic  for  the  corpuscles  of  monkeys. 
Similarly,  serum  artificially  lytic  for  the  red  cells  of  goats  may  be  slightly 
lytic  for  those  of  sheep,  but  not  for  the  corpuscles  of  cats,  dogs,  man,  etc. 

This  form  of  test,  delicate  beyond  anything  hitherto  known  in  physi- 
ological chemistry,  may  thus  prove  of  value  in  defining  tJie  relationships 
and  limitations  of  auimal  species. 

This  preliminary  observation  of  Bordet  was  followed  by  a  series  of 
studies  upon  artificial  hiemolysis,  the  results  of  which  we  can  only 
briefly  summarize.  In  the  first  place,  to  what  is  this  remarkable  acquired 
lytic  capacity  of  the  serum  dueT  Bordet  heated  for  half  an  hour  to  56"  C. 
some  of  the  lytic  serum  secured  by  adapting  the  guinea-pig  through  sub- 
cutaneous injections  to  the  red  blood  cells  of  the  rabbit.  He  found  that 
it  had  completely  lost  its  new  lytic  power.     But  when  he  now  added  to 

'  Wbile  the  eeTum  of  tlie  guinea-pig  is  not  normally  lytic  for  the  corpuscles  of  the 
rabbit,  ihe  serum  of  the  rabbit  is  lytic  for  the  corpuscles  of  the  guinea-pfg.  Similarly, 
Dormal  rabbit  serum  Is  not  lytic  lor  tbe  beef  corpuscles,  but  beef  serum  is  lytic  for  the 
corpuscles  of  robblie  and  guinea-pigs. 
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tbis  inert  seruui  a  little  fresh  blood  serum  from  a  uormal  guinea-pig, 
which  is  not  iu  itself  lytic  (see  p.  182)  the  original  dissolving  power  of 
the  heated  serum  for  rabbit  corpuscles  Mas  at  once  restored.  The  infer- 
ence from  this  experiment  is  obvious.  The  dissolving  capacity  of  this 
artificially  lytic  sernm  is  due  to  two  distinct  substances.  Oue  of  these, 
that  one  which  lesnlts  from  the  adaptation  of  the  animal  to  the  alien 
blood,  is  stable  at  56°  C. ;  the  other,  which  is  present  in  normal  serum,  is 
rendered  inert  at  5G°  C. ;  that  is,  it  is  very  labile.  These  two  substances 
were  named  early  and  have  been  often  renamed.  For  the  present  we 
may  speak  of  the  stable  substance  resulting  from  the  adaptation  to  the 
alien  blood  as  the  immune  mtbetance  or  ivimune  body,  and  of  the  other, 
more  sensitive  to  heat  and  present  in  normal  serum,  as  alexin,  a  name 
which  was  long  ago  applied  by  Buchuer  to  a  substance  or  substances  in 
normal  serum,  to  which  its  germicidal  capacity,  lii-st  clearly  demonstrated 
by  Nuttall,  was  attributed. 

There  now  followed  a  series  of  important  studies  by  Ehrlich  and  his 
associates  which  throw  still  further  light  upou  these  curious  lytic  agents. 

We  have  seen  that  in  order  to  secure  the  immune  substance  free  from 
the  alexin  one  has  only  to  heat  the  lytic  serum  to  56°  C,  for  half  an 
hour,  when  the  alexin  i.s  destroyed.  If  one  wishes  to  secure  the  alexin 
apart  from  the  immune  substance  be  makes  iLse  of  a  lery  curious  prop- 
erty of  the  latter;  namely,  its  capacity  of  uniting  with  the  cellular  ele- 
ment under  whose  influence  it  was  elatwrated.  For  example,  if  one 
places  a  small  portion  of  the  serum  of  a  rabbit  which  has  been  adapted 
to  beef  blood  in  contact  with  beef  corpnscles  at  a  low  tem))erature '  for  a 
few  hours,  he  nill  find  that  the  immune  substance  has  formetl  so  stable 
a  combination  with  the  corpuscles  that  on  their  separation  from  the  fluid 
by  centrifugation,  none  of  the  immune  substance,  but  all  of  the  alexin, 
will  be  left  in  the  fluid. 

That  the  corpuscles  under  these  conditions  actually  contain  the  im- 
mune substance  is  readily  shown  by  adding  to  them  a  little  uormal  serum 
— containing  alexin  but  no  immune  substance— whereupon  the  lysis  will 
at  once  take  place,  as  shown  by  the  red  color  of  the  fluid.  This  union  of 
the  immune  substance  with  corpuscles  is  specific,  occnrriug  only  with  the 
corpuscles  of  the  animal  species  used  in  the  adaptation. 

Many  other  points  of  extreme  interest  and  signilicance  have  been  re- 
vealed in  the.se  studies  on  artificial  htemolysis  which  the  scope  of  this 
book  does  not  permit  iis  to  touch  upon. 

The  (luestion  of  a  multiplicity  of  immuue  substances  and  of  alexins 
has  been  brought  forward,  and  it  seems  probable,  especially  from  the 
researches  of  Ehrlich,  that  in  adaptation  of  each  animal  species  to  a 
single  form  of  cell  several  immune  bodies  may  be  developed.  It  is  not 
unlikely,  furthermore,  that  more  than  one  alexin  may  be  normally  pres- 
ent in  the  blood  serum  of  each  animal  species,  and  that  a  single  immuue 
body  may  be  capable  of  uniting  witii  several  forms  of  alexin. 

'  It  is  neppssary  lo  rediicf  the  ttiuperalnrc  in  Ibia  experiment  iu  order  lo  iiiliibil  the 
action  of  tlie  lytic  af;eDcies. 
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It  Iios  been  fouud  tbat  tbe  faieiuolytic  capacity  of  tbe  nurmal  blood 
ijei'um,  vhich  id  luauy  auimals,  as  we  liave  seen,  iu  very  marked  for  tbe 
corpuscles  of  alien  blood,  is  also  due  to  two  substances  wliieb  iu  cbarac- 
ter  and  action  are  similar  to  tbose  which  bave  been  so  carefully  studied 
iu  the  lytic  sera  of  ai'tiScially  adapted  animals. 

It  is  evident  that  tbis  artificial  btemolysis,  secured  by  the  adaptation 
of  one  species  of  animal  to  the  red  blood  cells  of  auuther,  is  quite  analo- 
gous to  tbe  process  by  which  immunity  is  secured  against  pathogenic 
bacteria — cholera,  for  example — and  which  is  called  bacteriolysis.  Both 
are  specific  examples  of  the  general  process  called  cytolysis,  meaning  cell 
destruction.  But  this  reaction  of  biemolysis  is  not  ouly  one  of  extraordi- 
nary delicacy,  bnt  is  easily  observed  under  conditions  quite  within  our 
control,  and  permitting  surb  elaborations  aud  variations  as  involve  great 
technical  difficulties  when  we  are  directly  engaged  with  the  phenomena 
of  bacteriolysis. 

Thus  these  studies  of  hiemolysis  have  a  practical  significance  in  tfaeir 
bearing  upon  our  conceptions  of  bacteriolytic  immunity  quite  apart  from 
the  interesting  genenil  biological  field  into  which  they  bave  led  the  way. 

The  development  of  cytolytic  capacities  iu  the  blood  serum  of  tbe 
living  animal  as  the  result  of  adaptation  to  bacteria  and  to  alien  red 
blood  cells  being  kuowu,  it  was  natural  to  extend  the  method  to  other 
cells.  Thus  it  has  been  found  that  in  tbe  adaptation  of  one  animal  to 
the  spermatozoa  of  another  species  by  intraperitoneal  injections,  a  serum 
is  obtained  which  quickly  brings  to  an  cud  tbe  movements  of  fresh  sper- 
matozoa of  the  species  used — gpemioli/tic  serum. 

Similarly,  specific  leucolyfic  sera  ha^■e  been  procured  by  intraperito- 
neal injections  of  emulsious  of  lympb  nodes,  spleen,  and  bone  marrow. 
Such  leucolytic  sei-a  may  not  only  destroy  the  leucocytes  outside  of  the 
body,  but  they  are  extremely  toxic  when  introduced  into  tbe  living  spe- 
cies from  which  the  tissues  originated,  Tbe  effects  of  these  leiicolytic 
— leucotoxic — sera  in  the  body  are  most  prououuccd  iu  the  blood-form- 
ing oi^us.  Here,  as  the  studies  of  Flexner '  show,  a  very  significant 
impulse  to  new  cell  formation  may  be  associated  with  tbe  action  of  the 
leucotoxic  sera. 

Emulsions  of  kidney  cells  of  one  si)ecies  injected  into  the  peritoneum 
of  another  have  led  to  tbe  development  of  nrphrolytic  serum ;  that  is,  se- 
rum which  on  injection  into  the  body  of  an  animal  of  the  same  species  as 
that  funiishlng  the  kidney  cells  induces  noteworthy  degenerative  changes 
iu  the  kidney.  Thus,  also,  hepatolytic,^  panereolf/tie,  thjireolytic,  neurolytic, 
and  other  analogous  cytolytic  substances  have  been  developed. 

So  far  as  they  bave  been  studied,  the  nature  of  tbe  active  agents  in 

'flerner.  Bull.  Univ.  Peiinn,  vol.  iv.,  1903.  p,  387;  a^o  Bunting,  ibid.,  vol.  xvl, 

am.  p.  200. 

'  For  a  studj-  of  nepliroto.tins.  Bee  Pmree,  Bull.  L'niv.  Penna.,  July  and  Aufriist, 
1908.  Tlie  studiefi  ot  Pearce  reconlcd  ia  a  paper  read  iK-fore  tlie  Ameiiean  AsaociiUion 
of  Pathologists  nnd  Bncterioloi^ists  in  April,  1004,  nod  unpuUltslied  at  the  date  or  tliis 
writing,  indicate  liiat  in  tlie  luliiptutlnti  <if  unimali^  tn  mntiy  alien  pnrencbyiiia  cells  tho 
new-formed  subsiaiices  arc  ie.s.«  specific  Ilian  lius  been  eomniouly  assutned. 
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these  variona  cytolytic  sera  aod  their  mode  of  action  is  aualogoas  vith 
those  in  haemolytic  sera.  Here,  as  there,  the  action  is  due  to  two  groups 
of  Bubstauces:  oue,  the  "immuue  body,"  stable  and  iucreased  by  the 
adaptive  process;  the  other,  the  alexin,  occurrlDg  uormally  in  the  body, 
not  increased  in  adaptation,  and  readily  destroyed  or  rendered  inactive 
by  heat 

All  of  these  last -mentioned  forms  of  cytolytic  sera  require  more  ex- 
tended stody  before  far-reaching  conclusions  should  be  drawn  from  them. 
But  it  is  now  evident  that  the  different  functional  types  of  cells  in  one 
animal  are  capable  in  the  adaptation  to  the  economy  of  another  of  incit- 
ing more  or  less  definitely  specific  responses,  as  ^own  by  the  varioas 
types  of  cytolytic  sera  which  are  formed, 

When  oue  musters  all  the  possible  combinations  in  this  form  of  adap- 
tation and  considers  the  probability  that  multiple  immune  bodies  may 
develop  in  each  instance,  and  that  these  furthermore  may  correspond  to 
multiple  alexins,  the  complexity  of  artificial  cytolysis  becomes  evideut. 

But  now  still  another  phase  of  this  subject  demands  a  word.  These 
cytolytic  or,  as  some  prefer  to  call  them,  cjtotoxic  sera,  when  introduced 
into  the  living  bodies  of  the  species  from  which  the  cells  inciting  their 
formation  are  derived,  act  as  toxins  to  which  the  organism  responds, 
each  after  its  kind,  by  the  development  of  autitoxic  substauces.  These 
are  called  antkytolysins  or  aniicytotoxim. 

■  Let  us  look  at  an  illustration  of  this  interesting  point.  The  blood 
serum  of  the  normal  guinea-pig  has,  as  we  have  seen,  no  lytic  action  on 
the  red  blood  cells  of  the  rabbit,  but  after  the  adaptation  of  the  guinea- 
pig  to  the  blood  of  the  rabbit  by  repeated  intraperitoneal  injections,  the 
guinea-pig  serum  is  strongly  lytic  for  the  rabbit  corpuscles  in  test  tubes 
outside  the  body.  But  this  lytic  serum  is  not  less  toxic  when  introduced 
into  the  body  of  the  rabbit.  Under  these  conditions  the  rabbit  produces 
au  antitoxin,  an  autihiemolytic  substance,  which  is  iu  solution  in  his 
serum.  If  a  little  of  this  antihfemolytic  serum  be  mixed  with  some  of 
the  lytic  serum  from  the  adapted  guinea-pig,  it  will  be  found,  on  the 
addition  of  rabbit  corpuscles,  that  the  lytic  serum  has  lost  its  power,  just 
as  diphtheria  toxin  loses  its  harmful  properties  on  mixture  with  diph- 
theria antitoxin.  Thus  may  be  formed  a  great  variety  of  specific  "anti- 
bodies"— auticytolysins — from  sera  which  are  normally  lytic  or  have 
become  so  through  experimental  adaptations. 

In  view  of  the  remarkable  results  of  the  adaptation  of  the  body  to 
alien  cells  from  different  animal  species  which  we  have  reviewed,  it  was 
natural  to  ask  how  an  animal  would  respond  to  the  introduction  into  the 
recesses  of  his  body  of  cells — red  blood  corpuscles,  for  example — from 
another  individual  of  the  same  species.  It  was  fouud,  iu  fact,  that 
under  these  circumstances  lytic  substances  are  sometimes,  though  not 
uniformly,  developed.  The  possibility  of  the  formation  of  isoiytic  sub- 
stances was  thus  established.  But  if  this  be  possible,  why,  it  was  asked, 
may  not  aulolytic  substances  be  formed  by  the  adaptation  of  an  animal 
to  his  own  cells  experimentally  displaced  1    Such  substances  have,  how- 
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ever,  uot  been  fouud  under  the  experimental  conditions  thus  far  ob- 
8er\'ed. ' 

Still  it  is  well  known  that  cells  and  tissues  worn  out  from  use,  or 
dead  as  the  result  of  injury,  inflammatory  exudates,  etc.,  are  coiUstautly 
removed  from  the  living  body  by  processes  apparently  analogous,  if  not 
identical  with  those  which  can  be  experimentally  evoked.  So  that  auto- 
lysis in  some  form  seems  to  be  an  Important  factor  in  the  maintenance 
of  the  integrity  of  the  body.'  Just  what  the  agencies  are  under  which 
normal  living  tissue  cells  are  protected  from  the  action  of  autocytolj-tie 
substances  is  not  yet  clear.  But  the  multiplicity  of  known  "antibodies" 
justifies  the  conjecture  that  such  SHt>stauces — anticytolytic — may  be  con- 
stantly formed  and  act  as  .safegiianis  to  living  and  useful  cells. 

The  Application  of  Ehrlich's  &7pot1aeais  to  Cytolyaig. — If  now  wc  turn  to 
the  various  liypiothesea  whicli  have  been  advanced  lo  account  for  tlic  forDiatioii  and 
action  of  these  cytolytic  substances,  we  flot)  tliat  an  elaboration  of  Eiirlicli's  views  as 
applied  to  antitoxin  Is  here  a  source  of  great  illumination.  It  is  evident  at  once,  liow 
ever,  that  the  matter  is  Dot  so  simple  us  in  the  case  of  antitoxin,  because  we  have  here 
two  substances  at  work,  the  immune  body  and  the  alesin.  Neither  the  immune  body 
nor  the  alexin  alone  induces  cytoiysls.     They  must  net  lo^tlier. 

The  phenomena  are,  in  the  main,  accounted  for  if  we  assume  tiiat  it  is  the  alexin 
which,  when  the  necessary  conditions  are  fulfilled,  exerts  the  destructive  action  upon  the 
baclerial  or  animal  cell.  But  the  alexin  cannot  enter  under  oidinary  conditions  into 
direct  chemical  combination  with  tlie  cell  receptors.  Tlic  union  is  eSected  only  by  tlic 
Intervention  of  tlie  substance  which  Is  increased  in  amount  in  the  process  of  adaptation , 
namely,  the  immune  body. 

A  long  series  of  experiments  has  ie<l  to  the  belief  that  the  immune  bod3'  lias  two 
free  atom  complexes  which  enable  it  lo  form  cliemical  unions  Through  one  of  these 
atom  complexes  It  unites  with  the  cell  to  be  destroyed ,  through  the  other  it  is  joined 
to  the  alexin.  Then,  and  u<it  until  then.  Is  the  alexin  bo  linked  to  the  cell  that  its  toxic 
or  destructive  action  upon  the  cell  occurs. 

This  conception  may  be  llliistralcd,  as  in  the  case  of  antitoxin,  by  crude  figures. 

Here  it  should  be  remembered  we  are  Illustrating  not  the  production  of  the  cytoly 
tic  substances,  which  we  shall  speak  of  later,  but  tlic  action  of  them  upon  the  cells  to 
be  destroyed. 

Let  a — Fig.  BO.  A — be  the  cell  which  is  to  be  destroyed  with  one  of  its  receptors  in- 
dicateil  at  d.  Let  b  represent  the  immune  body  with  one  atom  complex  e  capable  of 
uniting  with  the  cell  receptor  d.  and  with  anoiber  (/)  capable  of  uniting  witli  the  alexin 
e  through  g.  Now  the  alexin  which  appears  to  be  the  eileclive  agent  in  the  destruction 
cannot  unite  directly  with  the  cell  receptor.  When,  however,  it  becomes  linked  to  the 
cell  by  means  of  the  Immune  body,  b.  its  destructive  capacity  can  come  into  play. 

In  a  similar  way  one  may  indicate  the  action  of  anticytolytic  substances  which  may 
be  effective  through  union  either  with  the  alexin  or  with  the  immune  body,  as  shown 
In  Fig  90.  Band  C,  In  B  the  "antibody"  h  prevents  the  linking  of  tlic  alexin  c  to  the 
immuue  body  b  by  itself  uniting  with  the  former.  It  then  acts  as  an  antialexln.  In 
C  the  "antibody  "  i  prevents  the  linking  of  the  immune  body  b  to  the  celt  receptor  d, 
and  hence  acts  as  an  anil-immune  body.  We  sliatt  see  in  a  moment  why  at  present  the 
substance  here  spoken  of  as  antialexin  is  usually  called  the  itnl  I  complement. 

The  experimental  evMeuee  Uiat  the  anticytolytic  substances  may  lie  thus  due  to 

'  Some  observations  are  recorded  in  wliich.  after  profuse  internal  licmcrrhago. 
hffimaturia  has  develope<1.  indicating  the  possibility  of  aulohtDmolysis  under  special 
conditions. 

"  See  reference  to  autolysis,  foot  note,  p,  92. 
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the  formatioD  of  adaptive  substances  of  two  clusses.  anti  immuiie  aubstaoces  aod  anti- 
oum piemen ts,  cannot  be  enteret)  upon  lierv. 

In  view  of  llie  rationale  of  C3-to]ysia.  as  just  net  forth,  ive  may  consider  the  immune 
substance  to  bean  intetniediary  between  the  alexin  and  the  cell  to  be  destroyed;  or.  on 
the  other  band,  we  may  consider  the  alexin  as  tlic  complement  to  tbc  immune  substance, 
since  only  through  tlieiruniun  is  the  toxic  action  possible. 

In  fact,  following  Ehrlich,  one  sometimes  speaks  of  tlic  immuue  body  as  tbe  inter 
mtdiary  body,  or  tnlemieiliitry  »ub»tance.  but  since  it  is  furnished  witli  two  combining 
affinities,  it  is  now  usually  called  the  iintbocepior.  Furtliermore.  since  tbe  experimental 
analysis  of  the  lytic  process  by  the  new  technique  has  shown  that  tbe  germicldnl  and 


ij'f"'. 


/  J 


FIU.  OO.-DlAOBllM   ILLCSTRATINO  CVTOLVSI 

A— a.  Cell;  h.  Immune  gubaUnce  (ambowpton  :  r,  Bleiln  loomplBinenl) ;  'I.  « 
complex  ol  lb?  ambcivplor capable  it  unlllng  ullb  the  rereplor  il;  (,  uinni  I'onipli' 
lapable  ol  unltliut  wlUi  the  luptopboroua  Rmup.  i/.  oI  ttiH  roniplrinent.  r. 

B— CI.  Ceil ;  h.  ImmiinB  subilaocK  (amboceptor  :  c,  alexin  Ifoinplemi^Dl):  (I.  re 

ilexln  iromplementi:  iL  <- 


destructive  action  of  blood  serum,  formerly  supposed  to  he  due  to  a  single  substance 
called  alexin,  is  really  due  to  the  comblne<l  action  of  two  substances,  tbe  use  of  the 
woni  alexin  for  one  of  them  is  misleading  and  has  now  been  largely  given  up.  The 
substance  present  In  tbe  serum  of  both  normal  and  ndaiited  animal  through  which  lysis 
is  effected  when  it  is  linkeil  lo  the  cell  by  the  aml)oceplor  i*  rallwl  the  mmplemfnl. 
Other  names  have  been  Bp]>tied  to  these  bypollieiicul  complexes  or  substar.ci  s  which 
wc  cannot  consider  here. 

It  was  natural  in  the  early  studies  on  bacteriolysis,  which  were  incidental  to  re- 
searches on  immunity,  that  the  new  substance  which  was  found  in  Ibe  serum  as  the  re- 
sult of  the  ininiunizing  process  should  be  called  the  immuue  substance  or  immune  body. 
It  was  natural  also,  although  less  ajipropriatc,  to  apply  tbe  same  tertn,  immune  sub- 
Btauces.  to  the  analogous  substances  which  appeared  in  the  serum  as  the  result  of  the 
injection  in  the  same  fashion  of  cells  and  other  materials  ivbirb  were  not  infectious,  not 
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disease  prod.icing,  and  Hgaiust  wliich.  tlii-'relore,   tlie  body  is  nol,  iu  the  old  scuse, 
immiiuizcd. 

But  tLcst  new  uses  of  tbe  woni  ari'.  I  Iliink,  unfortunate  bL-oaiisc  tLe  word  hnmu 
Dity  lias  come  U>  tiave  a  Rpoi-ial  autl  useful  signlfloance  in  rektioD  to  iarcctioD.  iutoxica- 
tion.  and  other  cnudiiious  of  Datura!  or  iicquin-d  tolerance  to  obviously  and  seriously 
harmful  agents.  The  process  in  both  instances  is,  indeed,  one  ot  adaptation.  Biid  tlie 
newly  acquired  capacities  of  the  serum  are  due  to  subslauces  resulting  from  this  adap- 
tation. They  arise  from  a  functioual  inodiflcHtioo  of  parts  of  the  body,  and  hence  may 
be-  appropriately  chIImI  adaptive  eubsiances.  It  Bccms  to  the  writer  that  it  would  l>e 
better  to  consider  inimunization  as  a  Hpeclal  phase  nf  adaptation,  and  so  limit  tlie  appli- 
caiion  uf  the  word  tlial  it  sliali  still  connote  infection  and  iDtoxication  in  the  traditiocal 

This.  then,  is  the  rationale  in  neeordauce  with  Elirllch's  byputLesis  uf  the  action  of 
these  cytolytic  or  cytotoxic  substances,  either  existlu;;  naturally,  as  tlicy  do  in  some 
animals,  or  being  called  forth  in  laj'ger  (juantllies  in  the  process  of  adaptation  to  the 
cells  which  they  destroy.  This  view  lias  bi-en  moat  fully  tested  upon  hiemolytic  sera, 
since  here  tlie  reliction  is  most  easily  studied.  But  so  far  as  one  can  see,  it  applies  as 
well  to  Ihe  phenomena  of  baceriolysis.  whose  direct  study  is  mucli  more  ditficult.  It 
should,  however,  be  borne  in  mind  thai  the  erythrocytes  are  very  delicate  and  very 
peeuliaily  coustitiiteil  cells,  and  it  is  pi>ssible  that  inferences  drawn  from  luemolysis  are 
nol  applicable  without  (jUalificaliim  to  oilier  and  less  vulnerable  cell  types. 

The  origin  ot  the  anihoceptors  of  these  cytotoxic  substances  is  accounted  for  In  the 
sanie  way  as  in  the  ease  of  antitoxin.  'I'lie  cells  or  suhxtunces  which  are  introduce!! 
Into  the  animal,  and  to  which  it  proceeds  to  adu))t  itself,  lead,  through  union  with  such 
body  cell  receptors  as  maybe  fitted  to  tliem,  to  the  overproduction  of  these  special  com 
plex  receptors.  These  are  presently  cast  off  as  siipei'fluous  to  the  body  cell  producing 
them,  and  are  then  free  as  amboceptors  in  the  body  Huids. 

As  In  the  east'  of  anilloxin  formation,  it  is  probable  that  the  cell  receptors  which 
are  thus  increased  are  normally  c<mcerned  in  celt  assimilation,  and  it  Is  not  unlikely  that 
their  complex  character  may  have  gome  relationship  with  the  complexities  of  the 
"giant''  albuminous,  molcrules.  which  must  sutler  initial  changes  before  becoming  flt 
for  aBsmiilalion,  At  any  rate  this  hypothesis  assumes  that  in  the  process  of  adaptation 
either  lo  toxic  substances  or  to  foreign  cells  or  other  albuminous  material,  the  body 
develops  no  new  capacities,  but  only  an  exaggeration  of  those  already  existing. 

As  lo  the  exact  source  of  the  ambo<i'ptors  in  art  iHcially  Immunised  animals  we  can 
not  yi't  sjieak  with  certainty. 

The  Action  of  Fhagocytea  in  Cytolyaia. — It  was  inevitable  that  Ihe  remark- 
able studies  just  summarized  on  eyiulylic  sera  fliouhl  have  led  to  a  clearer  conception 
of  the  manner  iu  which  phagocytes  destroy  bacteria  and  other  organic  subatauees.  It 
is  no  longer  permissible  lo  hold  as  distinct  and  unrelated  processes  the  action  of  phago- 
cytes and  the  action  uf  the  body  fluids  in  Ihe  destruction  of  foreign  substances  iu  the  bo<ly. 

Sletschnikoff,  the  learned  and  able  advocate  of  the  importance  of  phagocytosis  in 
the  protection  of  the  body  against  micro-organisms,  now  recognizes  the  importance  of 
the  adaptive  substances,  some  of  which  may  be  largely  increa.sed  in  amount  in  the  proc- 
esses of  immunlEation.  More  strenuously  than  other  observers,  however,  he  insists 
upon  the  phagocytic  cells,  especially  the  leucocytes,  ns  Ihe  originators  of  the  subslancea 
concerned  in  eytolysis,  and  holds  that  under  ordinary  conditions  It  is  only  within  these 
cells  that  Ihesi'  substances  are  elTi-ctive,  In  artillcially  immunized  animals,  however, 
the  inlermciliary' substances,  it  is  conceileil  by  Metschnikoff.  may  he  set  free  from  the 
cells  which  produce  them  and  mingle  with  the  body  fluids.  The  complement,  on  Ihe 
other  hand,  which  be,  in  common  with  utlier:^  of  the  French  school,  calls  q/lime,  in  recog- 
nition of  its  ferment-like  characters,  Metschnikoff  iloes  not  believe  to  be  set  free  In  the 
IxKly  fluids  except  through  some  damage  to  the  leucocytes  In  which  It  Is  formed.  Such 
a  damage,  for  example,  as  befalls  the  leucocytes  in  the  clotting  of  the  blood :  for  in  this 
process  it  Is  assumed  that  the  setting  free  of  the  flbrin  feimcnt  involves  the  destractlon 
— phagolyals— of  the  leucoryles. 
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Tlic  views  advancL-d  by  Bordet  and  others  oF  tbe  Freocli  school  regarding  the  union 
of  the  amboceptors  with  tlie  cells  to  be  destroyed  are  less  precise  thau  those  of  EhrKcb. 
Both,  liowcver,  recognize  tlie  importance  of  an  associulion  of  tlie  amboceptor  as  a  con- 
dition  [or  the  effective  action  of  the  complement  (cpUiite).  It  is  for  this  reason  that  the 
amboceptor  is  called  by  Bordet.  MctsehDiicofF,  and  others  the  sensibilizing  substatice 
{»tibUaii<e  neitubiUtutnn)  or  tiic  fixative  {fiaiteur), 

FinuUy,  a  long  and  ingenious  series  of  (experiments  has  led  Aletschnikoif  and  his 
associates  to  believe  tiiat  there  are  two  forms  of  cytiue,  one  called  maer<refftam,  formed 
by  the  macrocytcs  (large  lymphocytes  derived  from  the  spleen,  lymph-nodes,  and  cer 
lain  endothelial  and  connective- tissue  ceils)  and  concerned  in  the  destruction  of  animal 
culls,  such  as  red  blood-cells,  leucocytes,  spermatoxoa.  various  parenchyma  cells,  etc. : 
and  mierocytiiK  derived  from  the  microcytcs  {polymorphonuclear  leucocytes),  which  is 
active  iu  the  desiructiou  of  bacteria. 

The  greatest  diversity  of  view  concerning  [he  cytolytic  process  between  Metsclini- 
koS  and  his  followers  and  the  observers  of  the  Ehrlich  school  relates  to  the  question 
wliether  the  complement  {cylaet)  docs  or  docs  not  exist  free  in  the  blood  plasma,  for 
upon  the  answer  to  this  question  depends  largely  our  belief  as  to  the  relative  signifi- 
cance of  intra-  and  extracellular  cytolysis.  This  is  one  of  Ihc  points  concemiog  which 
more  data  arc  urgently  needed.  But  even  now  tbe  views  of  Metschnikoff  arc  not  incon- 
sisUut  with  the  hypothesis  of  Ehriich. 

AgglDtinative  SobBtanoes. — Bat  tbereai'e  important  adaptive  resources 
of  the  living  body  when  called  upon  to  deal  with  foreigu  material  of  spe- 
cial character  introdneed  in  unusual  ways  into  ita  recesses  in  addition  to 
those  just  considered. 

The  pheiiomeaoii  of  a^lntination  lias  been  widely  known  for  several 
years,  especially  on  account  of  its  practical  application  in  diagnosis. 
The  general  fact  is  that  as  an  individual  adapts  himself — Uiat  is,  be- 
comes immuiiized>-~to  a  special  bacterium  or  its  toxic  products,  either  in 
tbe  course  of  an  infections  disease  or  as  the  result  of  artificial  processes, 
his  serum,  if  placed  undersuitable  conditions  in  contact  with  cultures  of 
this  special  inici'o-organism,  may  speedily  immobilize  the  organism  if  it 
be  motile,  and,  whether  motile  or  not,  lead  to  its  clumping  into  irregular 
masses.  This  reaction  has  been  used,  not  only  as  a  clinical  test  of  spe- 
cial infections,'  but  also  as  a  means  of  differentiating  species  or  varie- 
ties of  bacteria. 

But  recent  studies  have  emphasized  the  fact  that  ^glntiuatiou  is  a 
much  more  general  phenomenon  than  has  tieen  commonly  supposed,  and 
is  by  no  means  limited  to  the  sera  of  animals  immunized  against  bacteria 
and  bacterial  products. 

For  example,  in  the  adaptation  of  one  animal  to  the  red  blood-cells 
of  auotber  species,  the  serum  of  the  adapted  animal  may  become  not  only 
lytic  but  agglutinative  also  for  the  corpuscles  usetl  for  the  injections. 
This  is  true  not  only  in  adaptation  to  red  blood  corpuscles  but  to  other 
cells  as  well.  We  have  then  to  add  agglutinative  .substances  or  aggluti- 
nins to  the  iL'it  of  those  which  are  develox>ed  in  the  body  in  this  form  of 
adaptation.  (See  Table,  page  193.)  These  also,  within  the  limits  already 
set  forth,  are  specific. 

Just  as  the  specific  red  blood-oells  are  capable  of  fixing  the  immune 
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sabstiiiice  in  lytic  serum,  so  also  the  ngglatinatiug  substance  may  be 
fixed  and  removed  from  serum  by  placing  in  contact  with  the  serum 
some  of  the  corpuscles  of  the  particular  animal  species  or  some  of  the 
bacteria  under  whose  influence  the  agglutinative  substances  were  formed. 

While  agglutinative  substances  are  developed  in  the  process  of  im- 
munization, they  are  not,  so  far  as  we  know,  directly  protective,  though 
by  the  grouping  of  micro-oi^nisnis  the  action  of  phagocytes  may  be 
favored.  The  virulence  of  pathogenic  bacteria  is  not  i-educed  by  agglu- 
tination. 

The  agglutinative  seem  to  differ  in  many  ways  from  lytic  substances. 
Thus  their  activities  are  not  suspended  by  a  temperature  of  56°  C.  They 
become  inert,  however,  at  a  higher  temperature — 70°  to  78°  C. — and 
their  a^lutinating  capacity  is  not  restored  by  the  addition  of  normal 
serum.  It  is  inferred  from  this  fact  that  the  receptors  concerned  in 
agglutination  are  of  simpler  character  than  those  through  which  lysis 
is  secured. 

The  normal  blood  serum  of  some  auimals  contains  substances  which 
are  agglutinative  for  the  red  cells  of  other  species.  Thus  normal  beef 
serum  is  agglutinative  for  the  corpuscles  of  the  cat  and  rabbit.  This 
capacity  of  the  normal  serum  sometimes  is,  sometimes  is  not,  associated 
with  marked  lytic  capacity. 

The  mode  of  action  of  these  so-called  agglutinins  is  not  yet  very 
clearly  understood,  but  a  great  many  inteiesting  facts  have  been  devel- 
oped in  the  .studies  on  the  general  phenomena  of  agglutination  which  we 
cannot  mention  here.' 

Preoipitating  Subitanoea.— There  is  still  another  way  in  which  the 
body  reveals  adaptive  alterations  in  the  presence  of  foreign  proteid  sub- 
stances. If  a  few  cubic  centimetres  of  the  blood-serum  or  exudate  con- 
taining globulin  from  one  animal  be  injected  into  the  subcutaneous  tissue 
or  peritonea!  cavity  of  another  species  in  repeated  doses,  it  is  found  that, 
on  adding  a  little  of  the  blood-serum  of  the  adapted  animal  to  a  dilution 
of  the  fluid  injected,  a  precipitate  is  formed.  This  reaction  is  also  spe- 
cific, save  that  in  some  instances  body  fluids  from  closely  related  species, 
such  as  man  and  monkey,  fowl  and  pigeon,  sheep  and  goat,  horse  and 
ass,  dog  and  fox,  may  both  afford  a  pecipitate.  But  this  precipitate  is 
invariably  much  more  marked  in  the  fluid  used  for  adaptation  than  in 
the  similar  fluid  from  the  related  species. 

This  reaction  is  extremely  delicate,  it  ha\'ing  been  possible  to  recog- 
nize human  blood  in  a  dilution  of  I  :  50,000. 

By  the  use  of  this  test  Suttall,  who  has  made  I'ery  extensive  observa- 
tions, has  been  able  to  demonstrate  in  a  most  striking  fashion  phyloge- 
netic  relationships  between  animal  species  and  groups  of  species,  both 
warm-  and  cold-blooded,  which  have  an  important  bearing  upon  class!- 
ficatiou,' 

The  use  of  this  precipitation  test  has  been  ui^ed  iu  forensic  medicine 
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to  reinforce  tlie  present  unsatisfactory  uietliods  of  distiuguisluDg  between 
liuniau  and  otlier  blood.  For  if  one  have  a  rabbit  or  other  animal  artifi- 
cially adapted  to  hnuiau  blood  from  which  fresh  serini)  can  be  secured 
(even  the  dissolved  dried  semm  will  answer),  he  has  only  to  dissolve  in 
a  little  salt  solution  a  suspected  blood  clot,  and,  mixing  the  two,  observe 
the  results  If  under  suitable  conditions  of  dilution  cloudiness  develops 
within  a  short  time  or  if  a  precipitate  be  formed,  it  is  claimed  tliat  the 
suspected  material  could  ha^'e  been  derived  from  no  other  animal  than 
man.  Since,  however,  it  has  been  found  that  the  blood  not  only  of 
monkeys  but  of  some  other  of  the  lower  animals  may  give  slight  precipi- 
tates under  these  conditions,  and  since  other  human  fluids  coutaining 
albuminous  substances,  such  as  saliva,  pus,  inflammatory'  exudates,  etc., 
may  also  giie  pi-ecipitates,  it  is  evident  that  the  result  of  this  test  should 
be  interpreted  with  great  caution.' 

The  white  of  a  hen's  egg  injected  into  the  x>eritoneum  of  i-abbits  after 
a  time  gives  rise  to  substances  in  the  rabbits'  serum  which  induces  a  pre- 
cipitate in  fresh  solutions  of  hens'  egg  albumen.  No  precipitate  is  pro- 
duced by  this  semm  in  albumen  solutions  from  the  blood  of  the  mam- 
malia, and  only  a  slight  pi'ecipitate  is  formed  in  the  egg  albumen  of 
related  fowls,  such  as  the  duck,  for  example. 

It  has  been  stated  that  by  the  a<laptation  of  the  living  animal  to  ex- 
tract.s  of  muscle  tissue  from  another  species,  precipitating  sultstauces 
may  be  formed  iu  the  serum  which  ai-e  si)ecific  for  the  mu-scle  u.sed  in  the 
injection. 

Milk  of  one  animal  thus  introduced  into  the  body  of  another  gives 
rise  to  a  substance  in  the  adapted  animal  which  causes  a  precipitate  in 
the  diluted  milk  used  for  injection,  but  not  in  themilk  of  another  species, 
save  sometimes  in  slight  degree  in  milk  from  closely  allied  animals. 

This  reaction  is  also  applicable  to  i>lant  albumens.  Thus,  if  an  ani- 
mal be  adapted  to  a  given  species  of  bacteria,  its  blood -senim,  on  being 
added  to  the  clear  filtrate  of  the  pure  culture,  throws  down  a  precipitate 
which  is  in  some  instances  light,  in  others  voluminous.  This  reaction  is 
again  specific,  except  within  the  group  limits  of  related  species.  Thus, 
as  Xorris  has  shown,' precipitating  substances  which  are  developed  by 
the  adaptation  of  the  rabbit  to  the  typhoid  bjicillus  induce  a  slight  pre- 
cipitate in  the  culture  filtrate  of  the  colon  ba^-illus,  but  not  in  the  filtrate 
of  B.  prodiffiosue,  for  example. 

Xumerous  experiments  have  shown  that  other  vegetable  albumens  call 
forth  specific  adaptive  i)i-ecipitins. 

This  precipitation  test  is  so  delicate  that  it  appears  possible  not  only 
to  distinguish  the  albumens  from  different  animal  and  vegetable  species, 
but  to  difi'erentiate  also  some  at  least  of  the  ^'arious  albuminous  sub- 
stances in  the  individual. 

'  Pnr  a  studv  o!  Ihe  prctipilation  test  for  lilnwl,  with  bililioKraphy,  sfi;  Grihim- 
Siail/i.  Jour,  of  llygiene.  vol.  iii..  pp.  35H  aud  354:  also  Eiriiii/  and  Stmun,  Sled.  News, 
November  7lli  aud  November  Hlh,  1W)3.  bibl. ;  nlao  liahin.  N.  Y.  Med.  .lour,  aod 
PliiJA.  Med.  .lour.,  March  Stii  and  I2rii.  1904;  also  Nuttall'e  book,  ref.  above. 

'AoiTM.  Jour,  of  Infect.  Dis..  ltiiJ4. 
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Finally,  it  is  worthy  of  DOte  that  it  has  been  possible,  by  the  adapta- 
tion of  a  fresh  animal  of  tlie  appropriate  species  to  these  precipitating 
sera,  to  obtain  "antibodies";  in  the  case  of  milk  adaptation,  for  exam- 
ple, by  the  use  of  the  so-called  lacto-semm,  to  secure  an  antilacto-serum 
Cf4>able  when  added  to  the  test  fluids  of  preventing  the  formation  of  the 
specific  precipitate. 

A  great  deal  of  most  careful  research  has  been  devoted  to  the  nature 
of  the  precipitating  substances  which  the  Bcope  of  this  book  does  not 
permit  us  to  touch  upou.  But  it  should  be  said  that  in  their  resistance 
to  heat  and  in  other  ways  the  precipitating  substances  appear  to  be  more 
closely  related  to  agglutinating  than  to  lytic  substances.' 

Although  we  have  considered  separately  the  development  in  the  body 
of  cytolytic,  ^glntinatiug,  and  precipitating  subtstauces,  it  should  be 
remembered  that  these  may  be  foi'med  together  in  the  same  animal. 

The  effects  of  foreign  cells  and  their  derivatives  upou  whatever  body 
cells  produce  the  lytic,  agglutiuating,  and  precipitating  substances  are 
apparently  not  lasting,  since  if  the  injections  be  suspended  they  gradually 
disapjtear  froiri  the  serum.  The  time  of  their  disappearance,  however, 
like  that  of  appearance,  is  not  regularly  the  same,  even  in  the  same 
animal. 

The  Baftring  of  tbe  Kew  Btudies  on  Serum  Therapy.— We  have  seen  in  ao 
earlier  section  that  the  use  of  the  blond  -  gem  iii  of  auiiimlsimmuDized  against  pathogcntc 
micro-organisms  for  protective  purposes  In  man  lias  been  of  pructit^l  value  in  but  few 

tDstanccs.  and  tbe^  mainly  in  cases  in  nhicli  the  protective  action  was  antitoxic.  Pro- 
tective sera  for  pneumonia  and  typhoid,  streptococcus  septicfcmia.  plague,  tuberculo- 
sis, cholera,  and  mnn;  other  infectious  diseases  have  been  ]]ersisKnt1y  tested  and  found 
to  be  for  tile  most  part  of  doubtful  value  in  man. 

But  in  the  light  of  the  new  knowledge  of  cytolytic  sera,  and  the  conditions  nncler 
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whicli  these  may  be  effective,  tlie  promise  of  serum  therapy,  so  long  limited  to  aDtitoxic 
immuaity,  seems  now  to  lie  more  encouraging. 

It  is  possible  that  tbc  reason  wtiy  tbc  scrum  of  an  animal  immuaizcd  agaioBt  a 
given  pathogenic  miero-organiam  is  not  protective  is  tliat  ueitlier  tliis  serum  nor  llie 
body  fluids  of  the  individual  into  whom  it  is  injected  for  proteciive  ends  contains  sufB- 
cient  or  suitable  complemente. 

We  have  seen  in  our  review  of  htemolysis  that  liiemolytic  serum  lieated  to  56°  C, 
loses  its  lytic  power  owing  to  the  destruction  of  the  very  labile  complements.  We  have 
seen  furtlier  that  this  power  is  restored  by  the  addition  of  a  littis  fresh  serum  from  a 
normal  animal ;  tliat  is,  serum  containing  complement  Now  it  baa  been  found  that  this 
"reactivation"  of  the  serum,  as  it  is  called,  can  often  be  brought  about  by  the  sera  of 
various  animals.  Thus,  for  example,  the  serum  of  the  guinea-pig  adapted  to  the  ery- 
throcytes of  the  rabbit  is  lytic  for  these  cells  of  the  rabbit.  If  such  sera  be  heated  to 
56°  C.  it  is  DO  longer  lytic,  the  activities  of  the  complement  are  destroyed ;  but  the 
serum  can  be  reactivated  by  a  little  fresh  serum  not  only  from  a  normal  rabbit,  but 
from  the  goat  and  the  rat.  The  serum  of  man^  other  animals,  however,  is  ineffective 
under  these  conditions.  The  reason  for  this,  of  course,  in  accordance  with  Ehrlich's 
hypothesis,  is  that  the  complements  of  the  reactivating  sera  have  combining  capacity 
^vitb  the  special  amboceptors,  and  bo  can  become  eSective,  while  in  other  sera,  tlie  link- 
ing of  the  complement  to  the  rod  cells  through  the  amboceptors  being  impossible,  tliere 
can  be  no  restoration  o[  the  lytic  action. 

It  is  not  difflcult  to  secure  immune  substances  (amboceptors)  by  the  adaptation  of 
animals  to  various  kinds  of  pathogenic  bacteria.  These  may  be  formed  in  sucli  abun- 
dance as  to  be  out  of  proportion  to  the  complements.  But  unless  these  immune  sub- 
tances,  nhen  injected  into  the  body  for  protective  purposes,  either  carry  with  them  or 
find  in  the  new  environment  an  abundance  and  appropriate  forms  of  complements, 
they  are  not  wholly  available  in  destroying  bacteria.  One  of  the  great  problems  of  the 
immediate  future,  then,  so  fur  as  serum  therapy  is  concerned,  seems  lo  be  to  secure 
suitable  complements  to  act  with  immune  substances  if  the  former  do  not  exist  in  the 
human  fluids,  or  to  reinforce  these  substances  from  the  sera  of  suitable  animals  if  the 
human  stock  be  scanty.  There  is.  however,  much  ground  for  believing  that  in  order 
to  bo  most  effective  the  complements  with  which  we  may  seek  to  reinforce  tlie  potency 
of  bacteriolytic  sera  in  man  should  come  from  species  closely  allied  to  him. 

If  the  securing  of  an  appropriate  complement  is  thus  of  such  importance  in  the 
attempt  lo  prepare  bacteriolytic  sera  for  therapeutic  purposes,  the  maintenance  of  suffi- 
cient complements  in  the  human  body  must  be  of  the  utmost  significance  in  its  Intrinsic 
protective  mechanism  against  infection.  That  this  consideration  is  not  without  support 
in  fact  is  shown  by  the  studies  of  Abbott,  Longcope,  and  others,'  who  liave  found  that 
after  the  continuous  administration  of  alcohol  and  in  various  chronic  as  well  as  acute 
diseases,  the  amount  of  complement  in  the  blood  may  be  notably  reduced.  We  have 
thus  a  deflnite  contribution  to  our  knowledge  of  one  of  those  factors  iu  predisposition 
to  infection  which,  in  a  general  way.  are  so  fully  recognized,  but  which  are,  for  the 
most  part,  but  ill-defined  and  little  understood. 

The  Specific  Character  of  Artificial  Immimizatioii. — It  is  not  yet  fiossi- 
ble  to  say  in  mauy  cuses  to  what  extent  the  immunization  efi'ected  iu  any 
of  tlie  various  ways  indicated  above  is  specific.  In  some  cases  it  appears 
to  be  so.  That  is  to  say,  tlie  protection  which  is  afi'orded,  for  example, 
by  an  attack  of  diphtheria  or  by  the  gradually  increased  administration 
of  the  diphtheria  toxin,  or  by  the  use  of  the  immuuizing  sernm,  is  limited 
to  this  particular  disease,  and  is  not  to  be  secured,  at  least  in  such  marked 
degi'ee,  by  the  use  of  other  bacteria  or  bacterial  products.  In  some  iu- 
stauces,  on  the  other  hand,  immunization  against  one  micro-organism  or 

'  For  a  study  of  this  subject  see  Longcope,  Jour,  of  Hygiene,  vol.  iii.,  1908,  p.  28. 
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its  toxiiis,  or  against  special  toxic  substances,  afifords  protection  against 
infection  or  intoxication  by  entirely  different  agents.  Thus  animals 
may  be  immunized  against  anthrax  by  inoculation  with  bacillus  pyo- 
cyaneus. 

It  should  be  borne  in  mind,  however  much  importance  we  may  attach 
to  the  formation  and  action  of  the  antitoxic  substances,  that  these  are 
not  necessarily  always  present  either  in  natural  or  acquired  immunity  to 
bacteria  or  their  toxins.  Tolerance  to  bacterial  toxins  may  be  estab- 
lished, as  may  tolerance  to  other  kinds  of  poisous,  without  the  interven- 
tion of  antitoxic  or  other  chemical  agents. 

The  Complexity  of  the  Prooeues  Involved  in  Immonuation. — It  thus 
appears  that  while  we  know  a  great  deal  about  the  ability  of  the  living 
body  to  protect  itself  against  the  incursions  of  micro-organisms  and  the 
ravages  of  their  poisons;  while  a  field  is  opened  for  the  study  of  artificial 
immunization  which  is  of  the  highest  promise,  both  for  the  advancement 
of  science  and  for  practical  benefit  to  the  victims  of  infectious  disease; 
while  illuminating  and  far-reaching  hypotheses  are  current  which  account 
for  many  of  the  complex  phenomena,  we  are  yet  very  far  from  compre- 
hending many  of  the  details  of  the  processes  by  which  immunization  is 
secured. 

We  do  not  know  why  the  cells  of  certain  animals  or  why  different 
kinds  of  cells  in  the  same  animal  are  more  susceptible  than  others  to  the 
presence  of  particular  poisons ;  why,  for  example,  the  rabbit  is  less  sus- 
ceptible than  man  to  morphin ;  why  strychnin  should  affect  the  nerves 
while  curare  acts  upon  the  muscles;  wliy  the  common  fowl  should  bo 
extremely  insusceptible  to  the  tetanus  toxin  so  powerful  in  many  other 
animals.  We  are  even  ignorant  as  yet  in  most  cases  of  either  the  chemi- 
cal or  structural  changes  in  cells  by  which  the  deleterious  action  of  poisons 
is  effected.  This  is  indeed  not  surprising  when  we  reflect  that  the  proc- 
esses which  are  involved  are  of  the  most  subtle  and  complex  nature  and 
that  our  knowledge  of  cell  metabolism  even  under  normal  conditions  is 
most  crude  and  fragmentary,  consistii^  largely  in  rather  gross  det«rmi- 
nations  of  end-products  and  leaving  out  of  the  account  the  uumbeiless 
molecular  transformations  and  combinations  through  which  the  life  proc- 
esses of  the  cell  are  carried  on. 

The  living  body  cell  is  very  nicely  adapted  to  its  normal  environ- 
ment; the  living  bacterium  is  almost  equally  sensitive  to  the  conditions 
under  which  its  metabolisiu  takes  place.  Thus  it  is  that  when  these 
subtle  organisms  react  upon  eaeh  other,  we  are  wholly  unable  with  our 
present  knowledge  to  follow  the  steps  by  which  the  more  gross  mani- 
festations of  disturbance  which  we  call  disease  are  reached. 

But  there  seems  to  be  abundant  ground  for  the  belief  that  the  pro- 
tective agencies  which  are  evoked  in  both  natural  and  artificial  immuni- 
zation are  simply  those  which  the  body  makes  use  of  in  its  normal  metab- 
olism, exaggerated  and  diverted  to  different  ends,  it  is  true,  in  the  face 
of  emergencies  and  the  establishment  of  new-cell  environments,  but  giving 
evidence  of  the  birth  of  no  new  physiological  capacities. 
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The  hypothesis  of  Eliriicli,  whicli  so  closely  correlaKs  tlie  action  of  toxins  with  the 
ossimilalioD  of  nutrieDt  stuS,  bos  Icil  to  new  coticcptioua  of  the  details  of  tlie  relation- 
ship of  fonds  traoaformcd  by  the  preliniinary  digi;stive  pn>ccss  to  ilie  Diitterial  'vrbich  is 
flnully  placed  at  tlie  disposal  of  the  cctlR.  It  seems  uot  unlikely  that  through  the  actioD 
of  the  cell  receptors  the  food  material  which  arrives  in  the  body  Quids  may  not  only  be 
adapted  to  thesfimlltc  uses  of  the  cells.  Iiui  chat  by  tho  formation  of  countlcsa  varieties 
of  substances  analogous  to  the  so-called  "antibodies"  of  immunization,  the  cells  are 
protected  against  equally  various  toxic  substances.  If  Ibis  be  true,  the  hope  seems 
juatifleil  tliat  following  the  lines  of  research  suggested  by  tiiis  new  technique  we  may 
be  able  ultimately  to  understand  more  clearly  the  details  of  the  so-called  Internal  secre- 
tion and  those  disturbances  of  chemical  adjustment  which  give  rise  to  many  important 
phases  of  auto -intoxication. 

Bibliograpliy  of  B«c«nt  Studies  on  Immumitf. 

Pur  an  admirable  resume  of  immunity,  consult  article  by  Weigeri,  Lubarsch  and 
Ostertag's  "  Ergehnisse  "  for  1897,  p.  107 ;  see  also  Metadmikoff,  "  Immunity  in  Infectious 
Diseases."  TransL,  1{I04.  in  which  much  lore  is  gathered  and  many  ingenious  points  of 
view  of  the  author  are  set  forth.  KolU  and  Waiiteraiaiin't  "  Handbueh  der  Microorgan- 
Ismen  "  contains  exeelleul  sum:uaries  of  various  phases  of  immunity. 

The  records  of  the  recent  researches  just  summarized  iu  cytolysis  and  the  applica- 
tion of  Ehrlich's  "side-chain"  hypothesis  are  widely  scattered  through  the  German, 
French,  and  English  tet^hnical  periodicals.  The  most  important  of  the  studies  of 
Ehrlich  and  his  as.sociates  in  this  field  are  collected  in  the  "Qesammelte  Arbeilcn  zur 
Immuuitatsforschung."  EhrlUlt.  1904. 

The  summary  of  Aiehoff  ("Ehrlich's  Seitenketlentbeorio  und  ihre  Anwcndung  aut 
die  kQiistliche  Immunizicruugsprozesse,  "Zeitschrift  fltr  allgemeine  Physiologic,  Bd.  i.. 
Heft  3,  1903)  is  most  complete  and  rcmtalns  a  full  bibliography.  The  monograph  of 
t.  3uiigern  ("Die  AntikOrpcr,"  1903)  contains  much  valuable  material. 

In  English,  the  reuenl  Huxley  Lecture  by  Welch  ("Beeent  Studies  of  Immunity," 
reprinted  in  the  Medical  News,  October  18tb.  1B02 ;  and  in  Science,  November  31st  and 
StJUi,  190S)  is  admirable,  and  deals  with  especial  fulness  with  toxins  and  their  relation- 
ship to  various  important  pathological  processes. 

liitcfiie'i  discussion  ofthe  subject  (The  Journal  of  Hygiene,  vol.  11..  Nos.  3,  8,  and 
4,  1902)  treats  in  a  clear  and  philosophical  fashion  tlie  facts  and  hypotheses  Involved, 
and  contains  many  valuable  suggestions  for  further  research.  The  excellent  summary 
of  Ernat,  "  Modern  Theories  of  Bacterial  Immunity,"  1908,  contains  original  suggestions 
for  the  graphic  repreaentation  of  the  reactions. 

The  English  translation  of  Wiwiermniiii'ii  resume,  "Immune  Sera,"  etc.,  1904,  is 
excellent.    Sec  also  Nuttall't  book,  "  Blood  Immunity  and  Blood  Relationship,"  1904. 
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CHAPTER  VIII. 

THE  INFECTIOUS  DISEASES. 

General  Cousiderations. 

In  the  study  of  the  infectious  diseases  it  is  espeeially  important  to 
bear  in  miud  that  the  abDOnnal  processes  through  which  tlie  disturbances 
incited  by  niicro-oi^uisms  are  manifested  are  processes  of  the  body  cells 
and  not  processes  of  tlie  micro-oi^nisms.  The  micro-organisms  do 
indeed  incite  the  train  of  phenomena  by  which  the  disease  is  mani- 
fested and  the  nature  or  "species"  of  the  micro-organism  may  lai^ly 
influence  the  character  of  tlie  phenomena,  but  the  stoi-ed-up  energy 
which  is  released  in  this  manifestation  is  body-cell  energy  and  not 
that  of  microbic  metabolism.  The  microbes  are  excitants  of  disease, 
but  the  disease  is  a  performance  of  the  body  cells.  If  these  obvious 
considerations  be  held  in  view,  it  will  be  convenient  in  considerii^ 
certain  of  the  infectious  diseases  to  use  the  familiar  and  much  abused 
term  "specific "  as  indicative  of  those  phases  of  abnormal  body-cell 
performance  which  are  apt  to  occur  in  eharaeteristie  ways  in  response 
to  special  forms  of  mici'obic  stimulus.  Tlius  the  poisonous  subtancea 
which  the  tubercle  bacillus  builds  up  out  of  the  organic  material 
upon  which  it  feeds  are  in  part  such  as  exei't  a  peculiar  influence  upon 
connective-tissue  cells,  leading  to  tlieir  proliferation  and  the  temporary 
formation  of  new  tissne — the  tubercle.  This,  together  with  associated 
action  of  the  same  or  other  metabolic  products  of  the  living  bacillus, 
forms  a  group  of  lesions  and  disturbances  which  is  characteristic  of  the 
action  of  the  tul>ercle  bacillus  in  the  body.  In  this  sense  tuberculosis 
is  a  "specific"  disease.  On  the  other  hand,  tlie  poisons  eliminated  by 
the  tubercle  bacillus  may  incite  responses  on  the  part  of  the  body  cells 
which  are  practically  identical  with  those  which  many  other  toxic  sub- 
stances, both  of  bacterial  and  of  other  origin  induce,  fevei-,  degeneration, 
etc.  These  manifestations  of  the  action  of  the  tubercle  bacillus  upon  the 
living  body  cells  are  not  "specific." 

In  our  study  of  the  individual  infectious  diseases  we  shall  encounter 
many  examples  of  this  variety  in  the  effects  which  pathogenic  bacteria 
induce — the  more  characteristic  ou  the  one  hand,  and  on  the  other  the 
more  general  responses  which  the  body  cells  make  to  deleterious  agents. 

Clauiflcation  of  the  Infectious  Diseases. — It  is  common  to  group  dis- 
eases either  from  the  clinical  or  the  morpholc^iciil  or  the  etiological 
standpoint.  But  a  complete  rational  classification  of  disease  is  not  at 
present  possible,  because  in  ^ery  few  diseases  have  we  even  an  appi-oxi- 
mately  complete  knowledge  of  either  the  symptoms,  the  excitants,  or 
the  morphology  of  the  lesions. 
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In  the  infectious  diseases  as  we  now  define  them,  tlie  excitant  is 
definite  and  in  many  cases  known,  but  a  classification  based  upon  tbe 
character  of  the  excitants  alone  would  be,  as  Martins  has  urged,  a  classi- 
fication of  the  micro-organisms  and  not  a  classification  of  the  diseases. 
If  every  micro-organism  capable  of  exciting  disease  always  met  in  the 
body  a  similar  response,  the  matter  would  be  comparatively  simple. 
But  tbe  fact  tliat  the  responses  of  the  body  cells  to  bacterial  invasion  are 
exceedingly  varied,  and  that  dissimilar  organisms  may  evoke  similar 
responses  renders  a  simple  etiological  classification  even  of  the  infectious 
diseases  unsatisfactory  if  not  impraeticable.  Thus  it  is  that  it  is  con- 
venient to  consider  the  infections  diseases  in  part  together,  in  part  in 
connection  with  the  special  organs  in  which  their  more  common  and 
characteristic  lesions  are  manifested.  Such  a  classification  of  the  in- 
fectious diseases  as  is  here  made  is  based  in  part  upon  similarity  of 
lesions,  in  part  upon  the  relationships  of  the  micro-organisms  concerned, 
and  may  wisely  be  regarded  only  as  a  convenient  form  of  catalogue. 

Oroiipi  of  Bacterial  Kiease-Exoitanta. — One  of  the  interesting  results 
of  the  later  studies  of  bacteria  and  their  associations  with  the  infectious 
diseases  is  the  discovery  that  many  micro-organisms  which  have  been 
proved  to  be  excitants  of  disease  in  men  or  in  lower  animals  are  closely 
related  to  forms  which  are  not  pathogenic.  So  that  we  now  recog- 
nize many  bacterial  groups  which*  we  are  wont  to  characterize  by  the 
name  of  the  pathogenic  representative.  Thus  there  are  staphylococ- 
cus and  streptococcus  groups  of  closely  similar  oi^anisms,  most  of  them 
harmless  to  man.  There  is  the  colon  bacillus  group,  embracing  many 
closely  related  forms  difficult  to  identify.  The  tubercle  bacillus  group, 
the  diphtheria  bacillus  group,  the  actinomyces  or  streptotbrix  group,  are 
other  examples  of  this  relationship.'  The  moi'e  these  related  forms  are 
studiol,  the  more  evident  it  becomes  that  in  very  slight  physiological 
variations  may  lie  the  difference  between  pathogenic  and  non-pathogen  io 
forms,  and  that  equally  slight  variations  in  tbe  susceptibility  of  the  host 
may  be  of  corresponding  significance. 

In  the  arrangement  and  associations  of  tbe  infectious  diseases  consid- 
ered in  tills  section,  the  existence  of  these  bacterial  groups  will  be  fre- 
quently recognized. 

SUFFITltATETB  AND   AIjUXH   FORKS   OF   INFI.AMMATION. 

\Ve  have  seen  in  an  earlier  part  of  this  book  that  in  vaiious  kinds  of 
injury  to  the  living  tissues  there  may  be  a  series  of  resjHnises  on  the  part 
of  the  body  cells  which  constitute  or  give  rise  to  the  phenomena  and 
lesions  of  infiammation.  One  of  these  forms  of  tissue  response  to  injury 
is  called  suppumlion  or  suppurative  inflammation. 

We  have  seen  that  the  characteristic  feature  of  suppurative  inflam- 
mation is  the  collection  at  or  near  the  sesit  of  injury  of  leucocytes,  mostly 

'  This  grouping  of  related  forms,  frtquently  with  apedal  reference  Io  tlie  qualities 
of  particular  species  as  excitants  o[  dineasc,  bas  been  spt-cially  worked  out  by  Krute. 
8eeFiagge's"MikroorgaB'-         "  ■"  " 
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of  the  polymorphonuclear  type.  These  leucocytes,  attracted  through 
chemotaxis,  emigrate  from  the  smaller  vessels  aud  gather  in  the  tissues. 
Here  they  may  proliferate;  through  their  phagocytic  powers  they  may 
directly  or  indirectly  destroy  living  micro-organisms;  by  lytic  sub- 
stances -which  they  elaborate,  they  may  softeu  and  remove  dead  tissues ; 
or  they  may  tliemselves  succumb  to  the  action  of  poisons  or  other  local 
conditions  inimical  to  their  life.  While,  to  a  limited  extent,  a  suppura- 
tive inflammation  can  be  incited  by  chemical  agents,  such  as  ammonia, 
turpentine,  etc.,  in  most  cases  it  is  incited  and  sustained  by  micro-organ- 
isms or  by  poisons  which  these  micro-OTganisms  set  free  as  the  result  of 
their  own  metabolism  or  by  the  decomposition  of  substances  in  the  tis- 
sues or  the  tissue  fluids. 

Before  considering  in  detail  the  characteristics  of  the  various  forms 
of  micro-organisms  which  may  act  as  excitants  of  suppurative  inflam- 
mation, it  is  necessary  for  us  to  survey  the  various  phases  which  this 
process  presents  under  different  conditions. 

In  the  first  place  while  the  emigration,  proliferation,  and  gathering 
of  leucocytes  is  the  most  characteristic  feature  in  this  form  of  inflam- 
mation, these  are  always  associated  with  the  accumulation  of  more 
or  less  fluid  transudate  from  the  blood-vessels  and  often  with  the  for- 
mation of  fibrin.  These,  the  leucocytes,  the  serum,  and  tlie  fibrin, 
constitute  the  exudate.  Furthermore,  associated  with  the  accumulation 
of  the  exudate  there  may  be  albuminous  degeneration  and  necrosis  of 
cells  and  tissue  of  the  affected  part  or  of  tlie  formed  elements  of  the 
exudate  itself.  Finally,  a  proliferation  of  the  fixed  cells  of  the 
affected  region  frequently  accompanies  the  exudative  phases  of  inflam- 
mation and  may  dominate  the  processes  when  regeneration  and  repair 
are  under  way. 

Although  the  processes  involved  are  esentially  the  same,  it  has  been 
found  convenient  to  attach  special  names  to  various  topographic  forms 
of  suppurative  inflammation,  the  differences  depending  largely  upon  the 
origin,  situation,  extent,  and  complications  of  the  primary  lesion,  some- 
what, however,  upon  the  ctx^liti^  fixed  or  variable  of  the  infecting  mi- 
cro-organism. Thus  a  suppurative  inflammation  involving  the  serous 
surfaces  and  resulting  iu  tlie  accumulation  of  a  purulent  exudate  in  the 
serous  cavities,  such  as  the  pleural  and  the  pericardial,  is  called  mpy«jia. 
An  exudative  inflammation  of  the  mucous  membranes  with  a  marked 
emigration  of  leucocytes  from  the  vessels  of  the  submucosa  is  called  a 
purulent  catarrh  or  blennorrhcea. 

I*itstHle8  are  superficial  collections  of  purulent  exudate  in  the  skin. 
The  result  of  a  localized  suppurative  and  necrotic  inflammation  starting 
usually  in  the  hair  follicles  of  the  skin  is  called  a,  furuncle  or  carbuncle, 
depending  upon  the  extent  of  the  lesion.  Ulcers — in  whatever  way 
originating — (see  p.  91)  may  be  the  seat  of  suppuration,  the  exudate 
passing  off  upon  the  free  surfaces. 

A  diffuse  infiltration  of  the  subcutaneous  or  deep  fibrous  tissue  or  of 
the  interstitial  tissue  of  the  viscera  with  exudate  is  c&Ued  phlegmon.     If 
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in  this  phlegmonous  iuflammatiou  there  be  much  serous  fluid  associated 

vith  the  cell  aceumulatiou   as  is  commoiil>  the  case  in  the  eailier  stages 

of  the  process    the  condition  is  otteu 

najned  purulent  cedetiia      >VLen    on  the 

other    hand     there    is  a  more  or   loss 

circumscribed     collection    of    purulent 

exudite  in  the  depth  of  the  tissuts  or 

oi^ns  associated  ^itli  necrosis  and  flu  ^  I^SG^ 

idification  of  the  tissues  in\  oh  ed    it  is        l^/k    "S*^  ,^  i 

eustomarj  to  call  the  result  of  the  proc         ^f  /  ^9  '^ 

ess  an  abw'eiss  "*  V  _   4       "      ^ 

In  some  phases  of  esudatne  inflam 
mation   pdrticul^rlj  those  in\olMug  the 
serous  surfaces,  the  exudates  often  occur       some  or  the  cein  bsoit  me  marks  of  tw- 
together  in   the  most  variable   propor-     ^,tbent!^°t'S^"™'''"' "*™"""^ 
tious;    they  are  formed  under  the   in- 
fluence of  the  same  agents  and  frequently  an  exudate  at  first  simply  serous 
iu  character  t>ecomes  flbriaous  or  puiulent  or  both  together. 

It  will  thus  be  seen  that  the  exudate  which  is  formed  in  suppurative 
inflammatioti    varies  considerably  in    its  composition   and    structure. 
Primarily,  pus  consists  of  au  albuminous  fluid  containing  leucocytes, 
some   monouucleai-s,    most   of    them 
polymorphonuclears      (Fig-      ifi). 
^  While  the  exudate  is  in  the    tissue 

and  the  conditions  are  favorable,  these 
cells  may  t>e  alive  and  without  stnic- 
tuial  abnormalities.  But  often,  and 
especially  in  accumulations,  they  pre- 
,^  it-  *  sent  various  phases  of  degeneration — 

•.»,    ^  albi)miiions  or  fatty — or  of  necrosis 

»**  -  -ij  and  disintegration.     It  is  on  account 

of  their  relative  frequency  and  abun- 
dance in  pnruleut  exudates  that  the 
leucocytes  are  reganled  par  excellence 
as  pus  cells.  But  other  cells  may  be 
,  present  in  pus,  thus  in  iuflaiiimation 

of  the  serous  membranes,  such  as  the 
peritoneum,  pleura,  etc.,   the  exfoli- 
RKr^" If■^^!^*^wo!;^™H7I■l^^LS^R*o«'     '^'■'-■"^  "'"^  proliferated  niesothelial  cells 
A.I  ABMEBs  or  TiiK  KiDSKv.  may  furnish  no  small  part  of  the  cel- 

lular content  of  the  exudate.  In  in- 
flammation of  the  mucous  membranes  also,  the  epithelial  cells,  either 
new-formed  or  simply  exfoliated,  may  be  abundant.  Furthermore,  pus 
may  contain  a  variety  of  chemical  substances  and  formed  elements  de- 
pending upon  the  place  of  its  formation  or  accumulation.  Thus  mucus, 
fibrin,  celt  and  tissue  detritus,  fat,  and  micro-organisms  may  l>e  inter- 
mingled with  the  pus  cells. 
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The  bacteria  which  are  found  in  the  various  phaaes  of  suppurative 
inflammation  may  lie  free  in  the  interstices  of  the  tissue  with  the  exu- 
date, or  they  may  be  in  part  within  the  cells  wliich  have  gathered 
about  them  (Fig.  92).  Both  within  and  without  the  cells  the  bacteria 
may  present  those  structural  alteratious  which  denote  their  death  and 
degeneration  in  the  struggle  for  existence  to  which  the  two  forma  of  liv- 
ing t)eings,  the  microbes  and  the  body  cells,  are  subjected  under  the 
couditions  which  mark  infection.  The  local  and  systemic  reaction,  on 
the  other  hand,  and  the  cell  necrosis  which  so  frequently  follows  the 
growth  of  microbes  in  the  body  are  expressions  of  au  unfavorable  envi- 
ronment to  which  the  body  cells  as  individuals  and  the  body  as  a  com- 
posite organism  are  subjected,  and  to  which  they  may  successfully  react 
or  under  unfavorable  conditions  may  succumb.' 

In  the  softening  of  tissue  involved  in  the  development  of  at>scesse8 
as  well  as  in  the  removal  of  exudates  by  absorption  it  is  prot>ab)e  that 
the  solution  of  the  formed  elements  of  the  tissues  is  accomplished  by  the 
development  of  lytic— autolytic — substances  (see  page  187).' 

Toxnmis. — While  the  various  forms  of  exudative  inflammation  are 
more  or  less  circiuuscribed,  the  soluble  toxins '  which  are  formed  at  the 
seat  of  local  bacterial  growth  may,  without  the  dispersiou  of  the  genns 
themselves,  be  diffused  through  the  blood  and  the  other  fluids  of  the 
body,  giving  rise  to  the  symptoms  and  lesions  of  tox<emia — fever  and 
various  other  forms  of  functional  disturbance,  albuminous  degeneration 
of  the  viscera,  focal  neci-oses,  petechial  hsemorrhages,  hsemolysis,'  throm- 
bosis, leucocytosis,  chromatolysis  of  the  ganglion  cells,  etc. 

Of  these  alterations  in  the  body  which  are  of  frequent  occurrence  in 
many  forms  of  toxemia,  whether  induced  by  bacterial  or  other  kinds  of 
poisons,*  the  only  one  which  demands  8i)ecial  notice  here  are  the /ot«/ 
neeroaes.  These  usually  small,  often  sharply  circumscribed  aroiis  of 
dead  tissue  may  be  present  in  any  of  the  viscera,  bnt  are  often  most 
abundant  and  conspicuous  in  the  liver.'  They  varj'  considerably  in  ap- 
pearance, depending  upon  the  stage  of  the  tissue  involvement.  The  cells 
in  the  affected  area  may  be  swollen,  the  cj-toplasm  more  transparent  than 
normal,  while  the  nuclei  niaj'  remain  unstained  with  the  usual  dyes  or 
show  variou.s  phases  of  fragmentation  or  disintegration;  or  they  may 
disappear  altogether.  Again,  the  cells  in  the  involved  areas  may  become 
more  coarsely  granular  than  is  normal,  may  undergo  a  change  similar  to 
that  seen  in  coagulation  necrosis  and  with  destrnction  of  the  nucleus  may 

'  For  au  exhaustive  rcvinw 
with  biblii>Kraptiy  cuusiilt  Jan 
XV.,  p,  128,  1894. 

•For  fuller  refereuc;  to  removul  of  exudates  by  nutolyaia,  see  footnote,  page  116. 

•See  reference  to  OppcDlieimer,  ptige  184. 

*  For  a  suiiimary  of  facts  relating  to  the  l)iemoly  tic  power  of  various  species  of  bac- 
teria  see  Welch.  "Iluxley  Lecture  ou  Iinmuuity,"  Med.  News,  October  I8lh,  IWi.  p. 
730. 

'See  for  effects  of  abrin  anil  ricin  intoxication  Fleriier.  Journal  of  Exp.  Mtil..  vol. 
iL,  p.  197.  1897:  also  MuUer,  Ziegler's  "BeitrJlRe."  B.l.  xwil.,  p.  881.  1900,  Bibl. 

'It  sec-nis  probable  tliat  thjsinarkeil  lucali^.ation  of  the  action  of  a  soluble  poison  In 
the  tissue  fluids  may  l>e  due  to  some  local  vulnerability  or  susceptibility  induced  per- 
haps by  limited  vascular  disturbance  or  by  nutritional  defects  otherwise  induced. 
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form  deeply  staiuiog,  irregular  clumps  or  masses,  or  may  disintegrate 
(Fig.  93). 

ABSOciated  with  or  followiDg  these  changes  there  may  be  a  gathering 
of  leucocytes  about  aud  within  these  necrotic  areas,  so  that  the  foci  may 
present  the  appearance  of  little  abscesses  oi'  masses  of  lymphoid  tissue. 
Finally,  these  necrotic  areas  may  undergo  repair  and  be  replaced  by 
small,  spheroidal,  young  conliective-tisBue  cells,  granulation  tisBue,  oi 
finally  by  small  masses  of  cicatricial  tissue.' 

Septioamia  and  Pyemia. — Bacteria  as  well  as  their  toxins  may  be 
distributed  from  a  local  portal  of  entry  or  an  infected  region  throughout 
the  body,  not  only  inciting  general  functional  and  structural  changes, 


Fig.  S3.--F0CAL  N'ECBOBIB  IK  TUI  LlVKS  IHDLCED  BT  TOXlC  MaTKBIAL  OV  BACTERUL  OBIOIN. 

but  when  tlie  bacteria  lodge  in  various  situations  giving  rise  by  new  local 
proliferation  to  fresh  foci  of  iuHammation. 

It  is  customary  to  designate  the  condition  in  which  bacteria  as  well 
as  their  toxins  are  distributed  through  the  body  by  the  bloo<l  and  lymph 
channels  as  aepticctmia.  When  fresh  suppurative  foci  develop  as  the  re- 
sult of  this  distribution,  the  condition  is  called  pywmia. 

The  terms  septicEemia  and  pyiemia  are  survivals  of  a  nomenclature 
adapted  to  the  period  t>efore  the  nature  of  the  excitants  of  infectious 
disease  was  .definitely  known.  The  mauifeBtations*of  septicemia  were 
then  attributed  to  the  presence  of  putrid  material  in  the  blood.  Pysemia 
expi-essed  the  belief  that  the  lesions  characterizing  this  condition  were 
due  to  the  presence  of  pus  in  the  blood.  The  term  baderioemia  ia  some- 
times and  more  coiTCCtly  used  to  indicate  the  presence  of  bacteria  in  the 
blood,  but  the  old  words  with  their  new  implications  and  limitations  are 
still  commonly  employed.' 

'  For  a  cmnprehcasive  study  of  focal  iiecrOEia  and  other  associated  IcsioDS  iu  ccrtaia 
forms  of  lo-xicniia.  consult  the  excellent  study  of  Mexner,  "Tlio  I^tliology  of  Toxalbu- 
min  Intoxication."  JoLns  Hopkius  Hospital  Itoporls,  vol.  vi.,  p.  259,  1887,  Bibl. 

'  It  lias  long  been  known  that  persons  wlio  liave  received  Injuries  or  wounds  may 
suffer  from  constitutional  symptoms,  amon^  the  most  marked  of  which  may  be  fever, 
and  develop  local  or  dlsseniinatcil  lesions.     To  designate  the  condition  of  these  patfeutB 
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The  term,  pywmia,  as  will  be  seeu,  indicates  a  cliuical  and  anatomical 
phase  of  Bepticsemia. 

The  new  foci  of  snppuration  in  pyiemia  are  called  metaetatic  abscesses, 
and  in  distribution  these  may  bear  an  obvious  relationship  to  the  seat  of 
the  primary  lesion.  Thus,  in  siippnrative  processes  in  the  intestinal 
tract,  metastatic  abscesses  are  liable  to  occur  in  the  liver.  From  sup- 
purations in  the  skin,  bones,  mnscles,  etc.,  infectious  emboli  may  t>e 
transmitted  to  the  lungs  and  lead  to  infarctions  and  at>scess;  or,  passing 
these  oi^ns,  the  germs  may  induce  multiple  abscesses  in  the  kidneys 
and  in  other  viscera. 

It  should  be  remembered  that  the  point  of  introdaction  into  the  body 
of  the  offending  germs  may  be  wholly  concealed  and  not  associated  with 


Fio.  W.— Micrococci  in  Habsks  in  thi  FiBniNots  Exitdation  or  pyemic  PLRirawT, 

any  form  of  demonstrable  externa!  lesion.  This  is  often  called  crypto- 
geji^ic  pyiemia  or  septico-pyieraia. 

After  death  from  septicicmia  and  pyeemia  there  is  a  considerable 
variety  in  the  post-mortem  api)earance8. 

There  are  cases  in  which  there  are  no  i-ecognizable  gross  lesions. 

There  are  eases  characterized  by  early  post-mortem  decomposition; 
post-mortem  staining  of  the  tissues;  congestion  of  the  lungs,  stomach, 
intestines,  and  kidneys;  extravasations  of  blood  in  the  serous  mem- 
branes; swelling  of  tlie  solitary  and  agminated  lympli-nodules  in  tlie 
small  intestine;  swelling  of  the  spleen  and  albuminous  degeneration  of 
the  liver  and  kidneys;  chromatolysis  of  the  ganglion  cells  of  the  brain 
and  cord. 

There  may  be  localized  inflammations.  The  joints  and  the  tissue 
about  them,  the  pleura,  the  pericardium,  the  endocardium,  the  peritoneum, 

tbe  terms  pyEemia,  BepticfcmiA.  ncptico-pj'feiiiia.  pyo-aeplioGmm.  ichnrremia.  iDflaroma- 
tory  fever,  surgical  fever,  traunmtic  fever,  suppurative  fever,  puerperal  fever,  and 
purulent  infectioD  have  Ixh.'D  usvd. 
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the  pia  mater,  and  the  coanective  tissue  in  different  parts  of  the  body 
may  be  inflamed.  These  local  inflammations  are  usually  purulent,  ex- 
cept in  the  serous  membranes,  where  the  principal  inflammatory  product 
may  be  fibrin  (Fig.  89).  The  veins  in  the  neighborhood  of  the  wound 
may  contain  softened,  purulent  thrombi,  without  infarctions  in  the  vis- 
cera while  there  may  be  inflammation  of  the  joiutt)  and  serous  membranes. 
On  the  other  hand,  with  the  venous  thrombosis  there  may  be  infarctions 
and  abscesses  in  the  viscera;  local  inflammations  of  tlie  joints  and  serous 
membranes  may  be  present  or  absent.  ^\^liIe  thi-ombi  are  often  formed 
in  tbe  veins  near  the  wound,  they  may  be  situated  in  veins  at  a  distance, 
and  sometimes,  although  infarctions  and  abscesses  be  present,  no  tlirombus 
can  be  discovered.  The  veins  may  be  distended  by  the  thrombi  or  contain 
only  small  coagula.  The  different  kinds  of  thrombi,  and  the  varieties 
of  emboli  and  infarctions  which  they  produce,  are  described  in  the  section 
on  Thrombosis,  p.  72.  Leucocytosis  usually  accompanies  pysemia  and 
septiciemia  as  well  as  the  suppurative  process  with  which  they  are  asso- 
ciated. Studies  of  the  blood  in  various  forms  of  septictemia  are  numerous 
and  instructive,  but  we  cannot  consider  them  here. ' 

Various  lines  of  research  on  minute  changes  in  cells  which  bacterial 
and  other  poisons  may  induce  justify  the  expeetation  that  more  and 
more  we  shall  be  able  to  associate  characteristic  groups  of  symptoms  in 
toxtemia  and  septicemia  for  whicli  there  is  now  no  morpholc^ical  basis, 
with  well-defined  cell  alterations.  Among  the  most  striking  of  the  toxic 
cell  lesions  thus  far  studied  in  septicieraia  and  bacterial  toxiemia  are  those 
involving  the  cytoplasm  of  the  ganglion  cells  (see  Xervons  System). 

THE  PTOOEHIO  BAOTEKIA. 

While  many  species  of  microbes  are  capable  under  favorable  condi- 
tions of  incitiug  suppuration  and  other  fonns  of  exudative  inflamma- 
tion and  may  when  they  or  their  toxins  are  disseminated  in  the  body 
give  rise  to  toxsemia,  septicajmia,  and  pyjemia,  there  are  two  forma 
which,  ou  account  of  their  early  discovery  and  their  relative  frequency, 
are  commonly  considered  aspor  erivllfince  "py(^nic"  Ixicteria.  These, 
wliieh  are  called  Stapki/iococctte  and  Streptococcus,  we  sliall  consider  first. 

CHABACTERS  of  STAPHYLOTOCCL'S   I'YOGESEa 

Tlie  f'tapAglofi'ffiit  pyiijen^a  aiirfiia  (Micropocous  pyogenes  aureus)  (Fig,  85)  is  a 
relatively  small  coccus,  tlie  inilividiials  varying,  liowever.  cansidcnibly  In  size  (D.T  to 
1.2/1  in  dlanicl^r).  Id  its  growtli  it  does  net  sliowacliaraeterislic  grouping,  but  grows 
in  irregular  masses  and  heaps  (the  ooniewliat  crude  resemblaBrc.  wheu  sludied  under 
a  cover  glass,  to  a  buncli  c)f  grapes  gave  rise  to  the  generic  name) ;  sometimes,  however, 
pairs  and  groiipsof  tourorsliortrowsof  the  coed  ai'e  seen.  The  germ  is  readily  stained 
by  the  anilia  dyes,  and  docs  not  lose  its  color  in  Oram's  method  of  staining.    It  does 

'Consult  "White,  Journal  of  Experimental  Medicine,  vol,  iv..  p.  425,  189B:  also: 
Adami.  Journal  of  the  American  Medical  Associalion.  December  16th  aud  33d,  IBM. 
Both  have  bibliography. 
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Dot  show  spontaneous  movement,  and,  like  other  spheroidal  forms,  does  not  appear  to 
develop  spores.  It  Is  quile  tenacious  of  vitality,  surviving  lung  drying  and  degrees  of 
beat  and  cold  aud  an  exposure  to  chemical  bactericides  to  which  many  pathogenic  germs 
readily  succumb.  It  grows  well  at  ordinary  room  temperature  in  sucli  artificial  culture 
medif  as  nutrient -gelatin,  agar,  beef  tea.  aud  milk,  and  on  potatoes,  fomiing  somewhat 
voluminous  masses  of  culture.  It  rapidly  fluldlfles  gelatin, 
coagulates  milk,  and  in  the  various  media  develops  a  yellow- 
ish-wliite  or  a  deep  golden-yellow  color,  whence  its  specific 
name,  aiirevg,  and  its  common  name,  "golden  coccus."  Its 
color -producing  capacity  is  subject  to  wide  variation. 

Effects  of  Staphylocoocui  PyogeiteB  in  the  Body. — 
From  a  bwMea  culture.  The  viruJence  of  Cultures  of  Staphylococcus  pyo- 
genes obtained  froui  difTereiit  sources  varies  con- 
siderably, but  iu  general,  suppnratiou  is  not  readily  induced  in  the 
lower  animals  by  its  subcutaneous  iujectioii.  Liability  to  suppuration 
is  greatly  increased  by  mechanical  or  chemical  injury  to  the  tissues  with 
which  the  genn  is  brought  in  contact.  Injection  of  a  virulent  culture 
into  the  ear  vein  of  the  rabbit  is  usually  followed  by  multiple  abscesses 
in  the  kidneys  and  mu-scles,  by  suppuration  of  joints,  etc. 

In  man  this  coccus  grows  readily  and  rapidly,  and  may  induce  necro- 
sis aud  exudative  indammation,  especially  the  suppurative  phases  (Fig. 


no.  B8^~Hissi8  or  Uicitococa  in  x  Blood-viuisel  or  thk  Kidnit,  iNDCCiDn  i  small  Abscqm. 

\r.  blood-vivH'l  Id  nhlrh  the  tnclnla  lie  Is  an  ares  of  necroUo 

96).  The  lesions  which  it  induces  are  apt  to  be  circumscribed.  It  may 
induce  pustules,  boils,  and  absces.«es,  and  various  suppurative  inflamma- 
tions of  the  viscera  and  sei-ous  membranes,  joints,  bones,  endocardium. 


.v,Coo^;t[c 


206  THE  INFECrlOUa  DISEASEB. 

etc.  These  eflfects  may  be  induced  by  the  staphylococcus  alone  or  by 
it  in  associntiou  with  other  species  of  germs. 

Staphylococcus  pyogenes  aureus  incites  tliese  changes  iu  the  body  in 
virtue  of  certain  toxins  or  toxalbnmius  which  are  produced  as  the  re- 
sult of  its  metabolism,  and  which  ai'e  either  at  once  set  free  or  stored  up 
in  the  body  of  the  germs  until  their  release  by  disintegration  after  the 
death  of  the  germs.  The  si)ecial  power  of  the  staphylococcus  to  caa% 
the  gathering  of  leucocytes  is  apparently  due  to  the  marked  chemotactic 
powers  of  some  of  the  proteid  sut)stauce8  in  its  protoplasm. 

It  may  enter  the  body  through  wounds,  small  or  large,  of  the  skin 
or  mucous  membranes,  and  sometimes  through  nniujured  surfaces.  In 
many  cases  its  mode  of  access  is  not  evident.'  While  usually  this  germ 
soon  dies  in  the  body,  it  may  remain  for  a  long  time  alive. 

It  is  widespread  in  inhabited  regions,  especially  in  towns,  being  fre- 
quently found  on  the  surface  of  the  body,  and  iu  the  saliva,  particularly 
of  those  with  acute  or  chronic  catarrh  of  the  upper  air  passages.  As  the 
result  of  the  filthy  habit  of  indiscriminate  public  spitting,  it  is  common 
in  the  dust  of  hospitals,  houses,  towns,  public  conveyances,  and  places 
of  public  assembly.' 

Other  Forms  of  Stapbylococcus, 

Staphyloeoavg  pyogeJtfi  nUnig. — This  appears  lo  be  a  variety  of  the  Stapbylococcua 
pyogenea  which  does  not  develop  the  yellow  color  in  cultures.  It  Is  of  frequent  oc- 
currence both  in  connection  witii  tlie  aureus  and  alone.  Its  actioD  on  the  body  is  similar, 
but  it  has  seemed  to  many  observers  to  be  in  general  les§  virulent. 

Staphylocaeeus  epidermidia  albus. — This  coccus  has  been  deaeril)ed  by  Welch  as  of 
frequent  occurrence  Id  the  epidermis,  and  allhotigli  of  rattier  feeble  pyogenic  power, 
yet  seems  frequently  to  cause  small  stiwh-abseeases  and  moderate  suppuration  along 
drainage  tuties,    Welcb  regards  it  as  possibly  a  variety  of  Staphylococcus  pyogenes 

Other  forms  of  staphylococcus  have  been  described — S,  ealivarius  pyogenes.  8. 
ccreus  albus  and  flavus — but  they  are  apparently  of  little  pathological  ^gnificance. 


Charactees  of  the  Streptococcus  Pyogenes. 

The  Stivploeofcu*  jyyogtnes  {ilierococcua  pyogenes)  is  distinguished  morphologically 
from  the  cocci  just  described  by  ttie  marked  tendency  which  the  individuals  exiiibit, 
when  growing,  to  hang  together  iu  longer  or  shorter  chains  (Fig.  97).  It  is  like  the 
Staphylococcus  pyogenes,  iramoblle,  and  stains  easily  iu  the  same  way.  By  a  special 
method  Hiss  lias  demonstrated  a  capsule  on  streptococci.' 

It  grows  readily,  but  more  slowly  tluui  [Staphylococcus  pyogenes,  on  the  ordinary 
culture  media.  It  docs  not  fluidify  gelatin,  on  whieli  it  grows  as  small.  Inconspicuous, 
grayish-white  colonics.  On  the  surface  of  agar  plates  kept  in  the  thennostat  at  87°  C. 
tor  twenty-four  houre,  the  small  grayish  colonies  usually  show,  under  (be  microscope, 
loops  and  fringes  of  the  chain-like  cocci  extending  oS  from  the  borders.  The  growth  on 
potatoes  is  inconspicuous.  In  nutrient  broth  it  usually  fornis  delicate,  flocculeut  masses, 
wbicli  cling  to  Ihc  sides  of  the  tubes,  leaviug  the  fluid  clear.     Occasionally  the  masses 

'  For  a  resume  of  the  r6le  of  S.  pyogenes  aureus  in  the  skin  disease,  with  bibliogra- 
phy, sec  White,  Boston  Medical  and  Surgical  Journal,  vol.  cxii.,  p.  335,  1899. 

'  For  bibliography  of  S.  pyogenes  aureus,  consult  article  by  S'eiuer  and  LipilHn  in 
Kolle  and  Wiis.'M.'rmanu's  "  Handiiuch  der  Mikroorgauismen."  Ri.  ii.,  p.  11)5. 

'  lliti,  Scifuce,  March  7th,  1803,  p.  367,  preliminary  c  '     " 
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of  Streptococci  are  dense  aod  compact.  Not  iDfrequently  the  growth  is  diffused  tbrough 
tlie  DutrieDt  brotb,  rcDdering  it  turbid.  Whea  in  vigorous  growth  it  coagulates  milk. 
Streptococcus,  as  well  aa  Sispbylococcus  pyogenes  aureus,  develops  btemolytic  sub- 
stances in  its  growth.' 

There  is  considerable  dlflereoce  in  tite  tecaclCy  with  which,  in  broth  culiures  of 
streptococci  from  different  sources,  the  Individual  cocci  cling  together,  so  that  In  one  set 
of  cultures  the  cliains  may  bo  very  long,  in  another  short.  It  has  been  thought  by  some 
observers  that  thia  difference  is  so  coostaDt  aa  to  justify  special  names  for  these  growth 
variants  of  the  streptococcus,  and  tliey  have  been  called  respectively  Streptocofcun  lonr/ut 
and  Strfptocoecut  breti».  The  growth  in  small  dense  masses  has  given  rise  to  the  name 
Ulreplocoeeut  eonglomeratvi.  It  is  doubtful  whether  these  names  indicate  more  than 
J..  mther  inconstant  growth  varieties  depending  upon 

^^      #*"    -%^^«^jb        variations  in  the  culture  media. 
^  yfljiVj^'i^Ji  I  Effects  of  Streptoooocns  Pyogenes  in  tlie 

Body. — Streptococci  which  give  evidence  of 
little  virulence  iu  animal  inoculation  are  very 
common  in  the  mouths  of  healthy  persons. 
The  significance  of  these  genns  in  healthy 
mouths  is  not  yet  clear. 

The  results  of  animal  inoculation  with  the 
Streptococcus  pyogenes  are  in  general  simi- 
lar to  those  with  the  Staphylococcus  pyogenes  aureus.  The  strepto- 
coccus is  very  frequently  associated  with  the  staphylococcus  both  iu  ita 
distribution  outside  the  body,  in  healthy  persons,  and  iu  disease.  In 
general  it  may  be  said  that  the  streptococcus  incites  those  forms  of  sup- 
puration and  fibrino- purulent  iuQammation  which  tend  to  spread  both 
locally  and  through  metastasis. 

Streptococcus  pyogenes  has  been  fouud  either  alone  or  in  association 
with  staphylococcus  in  a  lai^e  number  of  suppurative  processes  in  vari- 
ous parts  of  the  body,  the  condition  in  some  cases  receiving  special  names, 
In  others  not.  Thus  in  boilsaud  carbuncles,  in  abscessesand  phlegmons, 
in  herpes,  impetigo  and  panaritium,  in  phlebitis  and  Ijonphangitis,  in 
erysipelas,  in  suppurative  inflammation  of  various  mucous  and  serous 
membranes,  and  in  some  forms  of  pneumonia,  one  or  other  or  both  of 
these  germs  are  frequently  concerned.' 

One  of  the  most  importaut  features  of  the  relationship  of  Streptococ- 
cus pyt^nes  to  man  is  the  frequency  with  which  it  enters  as  a  concur- 
rent pathogenic  agent  in  already  established  infectious  diseases  due  to 
other  forms  of  micro-oi^nism,s.  Thus  some  of  the  most  serious  com- 
plications to  which  the  victims  of  scarlatina,  diphtheria,  typhoid  fever, 
and  pulmonary  tuberculosis  are  liable  are  due  to  the  action  of  the  strep- 
tococcus in  the  body  rendered  unusually  vulnerable  by  the  existence  of 
another  form  of  infection.  The  serum  of  individuals  adapted  (immu- 
nized) to  streptococci  may  agglutinate  the  micro-organisms.' 

Streptococci  which  upon  their  Isolation  from  the  body  iu  suppurative  or  other  in- 
fectious processes  arc  very  virulent,  usually,  and  sometimes  very  quickly,  partially  or 

I  For  htcmolysis  of  streptococcus,  see  ScheUingei;  Zeit.  f,  Ilyg.  u.  Infkr.,  Bd  xliv., 
1903,  p.  428. 

'  Anaerobic  streptococci  have  been  found  by  various  observers  in  abscesses  and 
other  forms  of  suppuration  of  which  tliey  arc  apparently  the  excitants. 

'  For  a  studv  of  agglutination  of  streptococci  see  Hfoter  and  Clemeiu,  Ccntrbl.  f,  Bak., 
AbUi.  I.,  1903,  pp.  am  and  714;  also  ^^e'lfeld.  Zeitscli.  f.  Hvg.  u.  Infkr..  Bd.  xliv., 
1908,  p.  161;  also.  Weatei;  Jour,  of  Inf.  Dis.,  vol.  i.,  1903,  p.  »1. 
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wholly  lose  this  virulence  under  artificial  cultivutioD.  On  tlie  other  hand,  cultures  of 
streptococci  which  have  largely  lost  virulence  under  artificial  cultivation,  or  whose 
initial  virulence  was  slight,  may  experience  a  great  exaltation  of  virulence  by  a  long 
succession  of  iuoculatioua  tmrn  animal  to  aniinal. ' 

The  metabolic  products  formed  by  virulent  streptococci  growing  in  nutrient 
broth,  wlien  treed  from  the  germs  by  filtration,  have  been  found  to  induce  in  animals 
the  symptoms  of  toxieniia.  The  results  of  preliminary  experimenUs  on  immunization 
with  these  toxic  products  of  S.  pyogenes  and  the  use  of  the  blood  serum  of  the  immune 
animal  tor  tlierapeutic  purposes  appear  to  be  promising.  But  the  practical  value  of 
tbe  so-called  gtrepioeaceui  antitoxin  is  at  this  date  not  fully  determined. 

EBTSIFELAS. 

Erysipelas  is  a  diffuse  iuflammatiou  of  tbe  skin  and  subcutaneous 
tissue  which  tends  to  spread,  aud  is  characterized  locally  by  swelliug  of 
the  tissue  aud  a  bright-red  color  of  the  integumeut-.     It  is  usually  accom- 


pauted  by  coostitutional  distarbanees,  the  most  marked  of  which  is  fever. 
The  morphological  changes  at  (he  seat  of  lesiou,  as  we  see  them  after 
death,  vary  considerably  in  different  cases  and  in  different  stages  of  the 
disease.  The  redness  of  the  skin  usually  disappears  after  death.  But 
the  tissues  may  l>e  swolleu  by  the  accumulation  of  serous  fluid.  This 
fluid  may  be  nearly  transparent^  or  turbid  from  admixture  with  pus  cells 
(Fig.  98).  Pus  cells  may  infiltrate  the  tissues  either  sparsely  or  iu  dense 
masses.  Fibrin  may  be  present,  abscesses  may  fonn.  Sometimes  vesi- 
cles or  scabs  are  found  ou  the  surface,  or  the  affectetl  region  may  l>ecome 
gangrenotis.  Aside  from  the  local  lesions,  there  may  be  toxiemia  marked 
by  petcchije  in  the  serous  membranes,  swelling  of  tlie  .spleen,  focal  necro- 
ses, and  albuminous  degeneratiou  in  the  kidneys  and  liver. 

The  most  common  excitant  of  erj'sipelas  is  Streptococcus  pyogenes.' 


a  of  streptoeoccus  toxin  on  various  parts  of  the  body  see  Jhmen  and  others, 
Zicgler'a  "BeiUBge,"  Bd.  xxv.,  p.  1.59.  [8(t9. 

'  In  the  early  days  of  modem  bacteriology  the  "  chain  "  coccus  which  was  diecnv- 
ered  fn  tbe  exudate  of  erysifKlaa  was  tliouglit  to  i)ear  a  peculiar  relationship  to  this 
clinical  fomi  of  phlegmonous  infiammation  and  was  cailed  by  Fehhimn  Streptococciu 
erysipelatis,  but  it  lias  now  been  definitely  identified  with  the  8.  pyogenes. 
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This  organism  may  be  present  in  lai^  numbers  in  the  lymph-vessels, 
especially  in  the  borders  of  the  inflamed  region.  The  reasons  for  the 
clinical  peculiarities  of  tliis  phase  of  inflammation  are  not  yet  very  clear. 

INFECTIOUS  PSEVDO-HSHBRAN'OtTS  INFLAHHATION  OF  KTTOOUS 
HEHBBANES.  (PMudo-Dipbttieria ;  Diphtherold-Angma  ;  Uembranovu 
Angina.) 

Under  a  variety  of  conditions,  as  during  scarlatina  and  measles, 
whooping-cough,  typhoid  fever,  etc.,  or  entirely  apart  from  any  compli- 
cating disorder,  an  acute  exudative  inflammatiou  of  the  mucous  mem- 
branes, especially  of  the  upper  air  passages,  occurs,  which  is  associated 
with  and  is  apparently  induced  by  the  growth  of  Streptococcus  pyo- 
genes.    There  may  be  much  or   little  librinoas  exudate;  there  may  in 


Flc,  SB.— PsKrno-MEMnHASOis  Infi 
In  thiB  case  there  Is  puruLenI  IntlUratron  of  tlie  mumsa 
glandg.    a.  False  membrane:  li.  porthin  uf  InUctepllbelluia:  c,  InOlIrBlUin  utlbv  mucosa  vilb  Sbrln;  d, 
poitlon  ot  mucous  frland  InBltratHi  wlUi  pus. 

early  stages,  or  e^'en  throughout,  be  none  at  all.  The  jiellicle  when 
formed  may  be  loose  or  adherent,  sharply  cireumscribcd  or  tending  to 
spread.  Tlie  submucous  tissue  may  show  little  change,  or  may  be  con- 
gested and  edematous,  or  may  lie  the  seat  of  snppui'ative  inflammatiou 
(see  Fig.  99),  necrosis,  or  gangrene.  The  process  may  be  confined  to 
the  ton.sils.  'Wliile  under  these  varying  conditions  the  inflammatory 
process  is  usually  a  local  one  and  runs  its  coui-se  with  or  without  the 
symptoms  of  septiciemia,  occasionally  the  streptococcus  which  entera 
the  blood  may  induce  the  lesions  of  pviemia.  On  the  other  hand,  it 
may  by  aspiration  gain  access  to  the  lungs  and  induce  varying  phases 
of  complicating  broncho- pneumonia.  The  Stajihylococcns  pyogenes  is 
not  infrequently  associated  with  the  streptococcus  in  these  lesions,  but  is 
not  apparently  of  primary  significance.  Simulating  vqtv  closely,  as  it 
14 
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does  in  many  cases,  both  the  local  and  general  phenomena  of  diplitheria, 
this  disorder  has  formerly  been  confounded  with  it,  and  has  been  only 
recently  recognized  as  a  distinct  phase  of  disease.  It  is  now  most  fre- 
quently called  pseudo-diphtheria.  It  seems  in  part  to  cover  the  condi- 
tion formerly  known  as  croup,  in  part  those  cases  formerly  tlioughtto  be 
mild  diphtheria.  In  many  phases  of  acute  angina,  and  in  many  cases  of 
follicular  tonsillitis,  streptococci  have  been  found  in  large  numbers. 
Other  bacteria,  either  alone  or  in  association  with  the  pyogenic  cocci, 
may  be  excitants  of  pseudo-membranous  as  well  as  simple  angina. 


While  the  Staphylococcus  pyogenes  and  Streptococcus  pyogenes  are 
the  most  common  excitants  of  local  suppuration  with  and  without  toxiemia 
and  septicaemia,  such  conditions,  as  we  lia\  e  seen,  ai-e  not  infrequently  due 
to  other  micro-organisms.  Among  these  we  may  mention  here  as  the 
more  common  and  important :  Micrococcus  lanceolatus,  the  gonoo^ccus. 
Micrococcus  tetragenus.  Bacillus  pyocyaneus,  the  colon  and  the  typhoid 
bacillus,  the  bacillus  of  glanders,  the  tubercle  bacillus,  the  pneumo- 
bacillus  of  Friedliinder,  the  diplococcus'of  cerebro-spinal  meningitis. 
Bacillus  pyogenes  ffetidns,  and  Actinomyces  with  its  related  forms. 

In  some  of  these  organisms  the  pyogenic  qualities  iu  their  relation- 
ships to  human  infections  are  most  conspicuous;  in  others,  the  reaction 
of  the  body  to  their  presence  is  such  as  to  justify  a  special  name.  The 
latter  is  particularly  noteworthy  iu  the  case  of  the  pneumococcns,  the 
gonoeocciifi,  glanders,  typhoid,  and  tuberele  bacilli,  diplococcus  menin- 
gitidis, and  actinomyces. 

Many  other  micro-organisms  may  be  excitants  of  suppurative  inflam- 
mation in  man  as  well  as  in  the  tower  animals  under  experimental 
conditions,  but  this  exceptional  reaction  of  living  tissues  does  not  fall 
within  the  scope  of  this  work,  which  deals  primarily  with  such  tissne  re- 
actions as  may  occur  under  the  natural  conditions  of  life. 

The  Bacilu's  Coli  CoMMtrsis  and  the  Colon  Group. 

The  baallits  coH  communis  is  an  oi^nism  so  frequently  present  in  the 
intestines  under  normal  conditions  as  to  be  commonly  called  the  "colon 
bacillus."  It  is  motile,  facultative  aendiie,  asporogenous,  considerably 
resembling  in  general  form  the  typhoid  bacillus  (see  p.  227).  It  has 
been  repeatedly  fouud  under  such  conditions  in  connection  with  suppura- 
tive processes  as  to  justify  the  belief  that  it  is  often  their  excitant. 

It  hiis  been  found  iu  various  forms  of  peritoneal  suppuration,  both 
with  and  without  such  lesions  of  the  intestine  as  would  obviously  permit 
of  itsegress;  in  appendicitis;  iu  suppuration  about  the  gall-ducts;  inliiem- 
orrhagic  pancreatitis;  in  inflammatory  processes  in  the  genitourinary 
appamtns;  in  the  pericardium  and  pleni'a.  Although  a  usual  inhabitant 
of  the  intestinal  caual,  the  Bacillus  coli  is  often  extremely  virulent  when 
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once  it  gaius  access  to  the  tissues  of  the  body,  especially  if  these  be 
otherwise  injured  beforehand.  Local  infection  with  this  organism  is 
often  atisociated  with  serious  toxa'mia  and  septicaemia.  Intravascular 
injections  of  virulent  cultures  in  rabbits  are  usually  followed  by  symp- 
toms and  lesions  of  eepticxmia.  Introduced  subcutaiieously  and  intra- 
peritoneally,  it  may  excite  local  suppnmlion  or  serofibrinous  inflamma- 
tion, often  hiemorrhagic  in  character,  terminating  fatally.' 

There  are  so  many  oi^ni.sm»  so  closely  resembling  the  colon  bacillus 
in  their  morphological  and  biological  chamcters  that  it  has  been  found 
convenient  to  consider  them  as  possible  variations  of  one  form  and  to 
speak  of  them  collectively  a«  the  "colon  group."  The  differentiation 
between  the  individual  members  of  this  group  and  between  these  and  the 
typhoid  bacillus  has  preKented  many  dilHeulties  to  bacteriologists  and 
given  rise  to  much  technical  finesse.  It  is  now  possible  to  differentiate 
between  the  members  of  the  colon  group  and  the  typhoid  bacillus  and 
to  separate  them  in  pure  cultures  (see  p.  237). 

The  BACiLLua  Pyocyaneus. 

Tills  has  been  known  for  several  years  as  an  organism  occasionally 
found  in  pus  to  which  in  its  growth  it  imparted  a  greenish  color. 
Charrin  iu  1880  established  the  significance  of  the  organism  as  au  exci- 
tant of  suppurative  inflammation  and  various  manifestations  of  septi- 
cemia to  which  he  gave  the  name"  Maladie  j}yocyanique."  Since  thi.s  time 
many  cases  have  been  reported  in  whicb  the  Bacillus  pyocyaiieus,  either 
alone  or  in  association  with  other  organisms,  has  bei'ii  found  i  for  ex- 
ample, in  purulent  otitis  meilia,  angina,  endocarditis  and  x>cricarditis. 
suppurative  inflammation  of  the  urinary  tract,  meningitis,  broncho-pneu- 
monia, gastrointestinal  disturbances  in  infants  and  adults,  and  iu  lesious 
of  the  skin  as  well  as  in  systemic  infections  arising  from  primary  local 
suppurative  inflammation.  Tlie  green  color  is  not  always  present  in  the 
lesions,  being  first  developed  in  the  cultures  or  in  experimental  aninmls. 

Tlie  occurreiKrc  of  the  organism  is  on  the  whole  infrequent.  It  M'as 
found  by  Jadowski  twice  in  systematic  cultures  of  the  exudate  from  two 
hundred  cases  of  suppurating  wounds.  Barker  found  it  In  eleven  out  of 
eight  hundred  cases  in  which  systematic  cultures  fn)m  autop-sies  were 
made.  It  was  found  In  tlii-ee  out  of  one  bundled  ciises  examined  by 
Lartigau.  Among  the  moii;  marked  lesions  which  may  be  present  iu 
cases  of  pyoeyaneus  infection,  we  may  mention  albuminous  degeneration 
iu  the  viscera,  focal  necroses,  hiemorrhages,  local  hjperiilasiffi  ^Oertel'a 
lesion)  iu  the  lymph-nodes  and  nodules  thi-onghout  the  body,  and  espe- 
ciaUy  superficial,  circumscribed  or  diffuse  necro!>is  aud  ulceration  in  the 
intestinal  mucous  membrane.* 


suit  Mace,  "Trailudi-  Ha<:terii)l.i(rii;.''  1901:   also  Kirhfrieh  n/iit  ^faandleria  KoUcand 
WasiwrmiDn's  "Jliiuillnirli  der  MikroorgHiiismeo,"  ltd.  ii.,  p.  334. 

'For a  critical suitinmrv  of  tliccasi'M  with  Driginal  smdiesa:nl  bibliograpliy  ronsult 
Lart/'gaii,  Pliiladi'liiliia  MmiIcqI  Journal,  SeplcmbiT  ITth,  lti9U;  alsu  Juuraal  of  Expeli- 
mental  Mcdlclue,  vol.  iii.,  p.  595,  I89a. 
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Oharactera  of  the  Organism. 

This  organism  ia  from  1.6  to  3  /i  long,  Bomctimes  grows  in  short  chsiDS,  is  motile, 
am]  decolorizes  by  Oram's  method.  It  grows  readily  on  arttlicial  mediA,  usually  devel- 
oping a  grceoiBh  pigment.  It  liquefies  gelutin.  Subcutaneous  injection  of  cultures  in 
rabbits  may  be  followed  b3-  local  suppuration,  by  hemoirliagic  cedema,  and  by  sepd- 
ctemia. 

Bacillus  Pneumoniae  (Friedlander). 

Ill  a  small  proportion  of  cases  of  lobar  and  lobular  pQeumonia,  and 
in  a  few  cases  of  exudative  inflammation  of  the  pleura,  pericardium, 
meninges,  and  middle  ear,  this  bacillus  has  been  found.  It  is  sometimes 
found  alone,  but  in  pneumonia  is  frequently  associated  either  with  the 
Micrococcus  lauceolatus  or  with  the  pyogenic  cocci.  It  has  beeu  found 
in  the  nasal  secretion  and  mouths  of  healtliy  persons.  While  belonging 
definitely  among  the  bacilli,  it  so  frequently  occurs  in  the  form  of  very 
short  rods  or  ovals  or  short  chains  that  it  was  formerly  thought  to  belong 
among  the  cocci. 

It  seeins  highly  probable  rather  than  pro^'en  that  it  may  be  at  least 
partially  responsible  for  the  lesions  with  which  it  is  infrequently  asso- 
ciated in  man.  This  germ  was  formerly  believed  to  be  of  great  impor- 
tance in  connection  with  acute  lobar  pneumonia,  and  for  a  time  was 
generally  spoken  of  as  the  pneumococcus  of  Friedlander.  It  isnow 
known  not  to  be  a  coccus,  and  is  certainly  of  subordinate  if  at  all  of 
serious  importance  iu  the  induction  of  inflammation  of  the  lungs.' 

Micrococcus  Tetragenus. 

This  organism  hafl  been  many  times  found  about  the  mouth  and  re- 
spiratory tract,  especially  in  connection  with  suppurative  processes.  It 
has  been  found  also  in  metastatic  abscesses.  WTiile  not  very  virulent  it 
is  apparently  an  occasional  excitant,  either  alone  or  with  other  organ- 
Isms,  of  suppuration.' 

Characters  of  the  Organism. 

It  is  a  coccus  about  1  /j  in  diameter,  usually  occurring  in  groups  of  four.  These 
tetrad  gKups  may  be  encapsulated.  It  stains  by  Grain's  4netLod,  and  is  readily  culti- 
vated ou  artilicial  media.  It  forms  a  dense  wliltiKh  growth  on  gelatin  which  it  docs 
not  fluidify,  Septicscmic  lesions  with  local  suppuration  may  be  induced  in  guinea-pigs  ■ 
by  subcutaneous  injection  wiib  cultures. 

The  Protixs  Grovp  op  B.\<'Ii.li. 
This  is  a  large  and  in  the  economy  of  nature  an  important  group  of 
bacilli  much  concerned  with  the  putrefactive  processes. 

'  II»irard.  Philadelphia  Mwtleal  Journal,  vol.  i..  p.  336,  1808:  Zefii,  "Le  bucille  de 
Friediflndcr."  Th^'se,  I'aris.  1897, 

For  a  study  of  this  and  related  organisms,  see  Sirong,  Journal  Boston  Society,  vol. 
iii..  n.  tm. 

B  and  for  bibliography,  consult 
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Charactan  of  the  Oroup. 

The  bacilli  of  this  group  may  be  aProbcs  or  facultative  anaerobes.  Tlicy  are  of 
metlium  size.  asporog«DOU3,  aud  while  stainioj;  readily  with  ordinary  dyes  are  apt  to  t»c 
decolorized  by  the  Oram  method.  While  the  organisms  of  this  group  are  bacilli,  they 
often  present  considerable  variation  in  form  as  tlicy  Rrow,  sometimes  being  very  short 
so  as  to  resemble  cofci,  sometimes  forming  threads  which  may  be  mt  Iwnt  as  to  suggest 
spirals.  Their  growth  od  solid  media  is  especially  characterized  by  the  teodeney  to 
send  runners  from  tlie  central  growth  out  into  the  surrounding  media,  thus  establishing 
secondary  growth  centres.  They  are  particularly  sensitive  to  environment,  so  that 
pliysiotogical  as  well  as  morphological  variations  are  frequent.  It  is  for  these  rcasi^ns 
that  the  name  Proteus  has  been  given  to  the  group  and  to  various  species,  TIte  limiu- 
tions  of  the  named  species  are,  however,  in  nmay  cases  quite  ill  defined. 

Oue  of  the  moat  commoii  forms  has  been  called  Proteaa  milgaria. 
While  tliia  bacillus  is  very  widespread,  it  is  ouly  occaaioually  the  exci- 
tant of  patbolo^cjil  procej^ses  in  man,  aud  then  almost  always  in  concur- 
rence with  other  orgauismR,  usually  the  pyogenic  cocci.  Under  these 
conditions  a  suppiirati\'e  inflammation  with  foul  exudate  is  apt  to  de- 
velop. Thus  it  has  been  found  in  purulent  i>eritouitis  and  endometritis, 
in  pleurisy  aud  in  phlegmonous  inflammation  in  various  pails  of  the 
body.  Although  this  bacillus  is  not  apt  to  grow  in  the  human  body, 
except  in  a-ssociation  with  other  micro-organisms  which  may  damage  the 
ti&sues  or  in  tissues  already  vnluerable  from  injury,  it  may  in  the  blad- 
der independently  incite  an  exudative  inflammation.  In  animals,  sub- 
cutaneous injection  of  the  pure  culture  in  considerable  quantity  may 
lead  to  abscess,  while  the  soluble  products  of  broth  culture  may  induce 
toxiemia. 

Several  other  forms  of  Proteus,  as  well  as  closely  related  species, 
have  been  found  in  human  lesions  for  the  most  part  suppurative  and 
necrotic  in  character  and  these,  in  some  cases,  Ua\-e  been  conclusively 
shown  to  be  the  excitants  of  the  pathological  proces,ses,  but  the  Ficopc  of 
this  work  does  not  pei'niit  further  details.' 

Among  the  other  bacteria  which  commonly  induce  local  suppuration, 
with  or  without  toxemia  and  septicemia,  some  are  of  frequent  occur- 
rence as  excitants  of  such  well-marked  and  more  or  less  characteristic 
forms  of  disease  as  ha\'e  long  been  recognized  clinically  and  have  re- 
ceived special  names,  such  as  pneumonia,  gonorrhoea,  cerebrospinal  men- 
ingitis, etc.  These  will  be  in  part  considered  in  the  section  dealing  with 
the  organs  in  which  their  more  characteristic  lesions  are  manifested. 


AOITTB  LOBAR  FNEUUONIA  AND  OTHEB  INTECTIOUS  DISEASES 
INDUCED  BT  THE  HICItOCOCOVS  LANCEOLATUS  (Diplococcua 
Fneumoniee). 

Micrococcus  lanceolatii.s  is  frequently  Spoken  of  as  the  "  pneumocoeciis 
of  Frilnkel,"  because  its  significance  aud  life  history  in  connection  with 

1  Kruse's  article  on  "  The  Bacilli "  in  Fliigge'*  "  Mikroorga- 
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acute  lobar  piieuiuoiiia  were  first  di-monstrated  by  him.'     It  is  commonly 
called  simply  the  "  pneiiniococciis. " 

ChBractere  of  tlie  Uicrococcmi  Lanceolatua. 

During  tlieir  d ev el opment  these  gerina  are  distinctly  apluToiiinl ;  bul  io  Uicir  ma- 
ture condition  tlicy  are  apt  to  become  Hliglill}'  elongated  or  oval  and  are  often  a  little 
broader  at  ouc  end  than  at  the  other,  assuming  a  luneeolute  form.  They  are  very  apt 
to  occur  ill  pairs,  and  frequently  are  seen  in  siiort  cliaius.  rarely  in  long  ciiaius.  Very 
frequently,  when  growiug  in  the  living  animals,  the  pncumococcus  ia  surrounded  by 
B  distinct,  homogeneous  capsule  of  varying  thickness  (see  Fig.  100).  This  capsule  does 
not,  as  a  rule,  develop  in  artificial  cultures.    The  eoccus  itself  is  readily  stained  by  the 


Pig.  ICO.— MiCROCOCcrs  LANCEorjTL's  (PDeumococciu).   SIiowiiiK  cBi«ule». 

anilin  dyes  and  retains  the  stuin  by  Oram's  method;  tnu  capsule  is  not  easily  demon- 
strated except  by  special  stuluing  mi'tliods, 

Tlie  pncumococcus  has  no  spontaneous  movenient  and  grows  but  feebly  at  ordinary 
room  temperature.  It  grows  much  better  at  blood  heat,  forming  on  the  surface  of  blomi' 
serum  or  on  very  slightly  alkaline  glyccrln-agar  plates  fiiiut  grayisit,  dewdrop-Uke, 
inconspieuouacolonies.  stimenliat  similar  to  those  of  Streptooiiccus  pyogenes,  but  usu- 
ally more  delicate.  In  beef  lea  it  forms  at  body  lemiwratutc  a  faint  wbitisli  sediment 
with  slight  turbidity  of  the  fluid.  As  a  rule,  the  cultures  are  prone  to  lose  soon  their 
virulence  and  lo  die  ofT  early,  but  llie  vindence  may  be  nuiintiiineil  by  successive  Inocu- 
UlloDS  in  the  rabbit.  The  organism  may  remain  alive  for  a  long  time  dried  in  the  spu- 
tum, in  one  set  of  experiments  for  more  than  seventy  days. 

The  serum  of  persona  suffering  from  acute  lolnir  pneumonia,  as  well  as  the  serum  of 
lower  aninials  artlHcially  immunized  to  the  SEicroeoccus  lanccolatus,  induces  iigglutiiia- 
tiun  of  the  organism  in  broth  cultures.     Wadswortb  lias  recently  shown  that  by  tLe 

<  It  was  diso 
some  years  bcfor 
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use  of  centrifuge  ted  cultures  of  llie  organism,  tlic  reaction  of  agglutination  can  be  ob- 
tained in  niucli  greater  dilution  tIjHu  by  the  usual  metliod.' 

Cullures  which  hnvt.'  bevn  reiluccd  iu  riruiciicc.  bo  ss  not  to  cause  caily  deatli  by 
septiocmia,  inay,  when  inttiiducitl  into  the  tracliea  of  rabbits,  induce  cii-cumstrlbcd 
pncumouic  li'sloua.  especially  if  these  aoinials  arc  nimtc  vulnerable  by  cold  or  by  other 
agencies  which  impair  the  integrity  of  tiic  blood  or  oilier  tissues.  Wadsworth  has 
shown  that  by  partially  immunizing  rabbits  to  the  pueunioewciis,  bo  that  they  ilo  not 
speedily  die  from  septicemia,  and  Ihen  introducing  the  virulent  organism  into  the  lungs 
through  the  Iraclica,  diffuse  pneumonic  lesions  comparable  to  the  lobar  pneumonias  of 
man  inay  be  induced.'    DifCcrcnC  animal  species  vary  in  vulnerability  to  the  pneu- 


This  gemi  is  the  exclusive  iuciter  of  typical  acute  lobar  pneumonia  in 
man.  It  appears  to  act,  in  part  at  least,  by  the  development  of  an  albu- 
miuous  poison  which  has  becu  tentatively  called  pneumotoxin.'  It  would 
seem  to  be  the  pneumotoxin  which  induces  the  symptoms  iu  acute  loUir 
pnenmonia  indicative  of  systemic  poisoning. 

For  a  more  detailed  description  of  tlicse  lesions  of  pneumonia,  and  an 
account  of  other  bacteria  which  may  be  present,  see  p.  489. 

In  addition  to  its  more  common  effect  in  inducing  lobar  pneumonia, 
the  puenmoeocctis  is  frequently  the  excitant  of  exudative  inflammation  in 
other  parts  of  the  body,  either  in  connection  with  or  without  a  primary 
lobar  pneumonia.  Thus  it  has  been  repeatedly  found  in  pleuritis,  otitis, 
meningitis,  empyema,  pericarditis,  endocarditis,  and  in  peritonitis.  It 
has  also  been  found  in  abscesses  of  the  viscei-a  and  in  exudative  inflam- 
mation of  the  joints.  It  may  inditce  pseudomembranous  inflammation 
of  the  mucous  membranes.'  Leucocytosis  usually  accompanies  infection 
with  the  pneumococcns. 

It  is  a  frequent  inhabitant  of  the  mouth,  even  in  health.  It  has 
been  found  in  the  mouths  of  about  twenty  per  cent  of  healthy  pei-sons 
examined.  It  is  thrown  off  in  the  sputum  iu  lot>ar  pneumonia,  and  no 
doubt  from  these  sources  iu  the  dried  condition,  as  dust,  furnishes  the 
infectious  agent  which  in  favoring  conditions  of  the  body  lights  up  the 
inflammatory  process  in  the  lungs.' 

For  staining  the  pncumococcus  with  itscapsulc  the  following  method  ot  Iliss'  glvee 
the  best  results.  Alix  the  exudate  or  culture  containing  Che  organism  on  the  cover- 
glass  with  a  drop  of  blood-serum  spread  thin,  dry  and  fix  by  heat.  Add  a  few  drtips 
of  the  following  stain:  Five  or  ten  jier  cent  solution  of  gentian  violet  (5  c.c,  saturated 
alcoholic  solution  of  gentian  violet,  plus 95  c.c.  distilled  water).    Heat  gently  until  steam 

'  For  details  ot  tliis  methmi  see  )Viiil»rrorlh,  Journal  of  Medical  Research,  vol.  x.,  p. 
228. 

'  Bee  references  to  experimental  pneumonia,  p.  SOO. 

'The  observations  of  the  Klemperers  and  others  suggest  the  possibility  that  at  a 
certain  period  of  the  disease  the  blowl  or  body  juices  are  capable  of  developing  a  sub- 
stance antidotal  to  this  pneumotoxin,  the  potency  of  the  former  being  signalizcu  by  the 
so-called  "crisis."  S^utisfactory  applications  of  tills  alleged  "pneumonia  antitoxin"  in 
therapeutics  have  not  vet  been  mode. 

*See  Cnrq/  and  Lyon.  Trans.  Assn.  Araer.  Phys.,  vol.  xvi,,  p.  879,  Bibl. 

*Olti'Unghi,  Centralbl.  f.  Bakteriologie.  Ablb.  L,  Bd.  xxv.,  p.  120. 1899.  PorpfuU 
r^ume  of  the  studies  on  the  DI[)lococeiis  jineumonis  sec  Vi'eieMelbaam  in  Kolle  and 

ice,  blarch  Tth,  1902,  p.  867. 
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risci    Waah  off  Ibe  Btalawiliin  iwenty-per-ccat  solution  of  cupric  sulphate.    Dry  and 
mount  in  balsam. 

II  llie  material  containing  tlic  organisms  already  contain  scrum,  the  preliminary 
mixing  witli  this  is  unneccssiLry.  Pueumococci  in  sputum  which  without  the  addition 
of  scrum  are  often  stained,  with  it  not  liifvetjutntly  give  better  results. 

The  method  of  Welch'  gives  good  results,  but  annoying  precipitates  often  form. 
After  drying  and  Hxingthesiiecimeu  upon  Ihecover-glassin  the  usual  way,  it  is  treated 
with  glacial  acetic  acid,  which  ia  at  once  drained  oH  and  replaced  by  an ilin  gentian- 
violet  solution  (p.  158),  tills  being  drained  off  and  renewed  several  limes  until  the  acetic 
acid  Is  displaced.  The  specimen  is  now  washed  with  a  two-pcr-cent  solution  of  sodium 
chlorid,  in  wliicli  it  may  be  covered  and  studied.  The  pneumi>foccu8  may  bo  stained 
in  sections  by  Weigeit's  mod ili cation  of  Gram's  method  with  preliminary  ciintrast  stain 
(see  p.  154).     By  this  method  the  fibrin  in  pneumonic  exudate  is  also  stained. 

aONOSBH<EA  AND  OTHEB  INFLAMUATOBT  LESIONB  INDUCED  BT 
THE  mOBOCOCCCTB  aOS03.B.B(BJB  (OONOOOOOCS), 

The  Microcoecas  gonorrhoea:  (rouococcus)  is  most  coiumonly  fouud  in 
the  exudate  of  jjouorrhceal  iuflauiiiiatioii  of  the  mucous  iiiembraDes,  es- 
pecially of  tlie  urethra.  It  may  be  free  or  enclosed  iii  leucocjtes  or 
other  cells  (Fig,  101),  within  or  between  the  epithelial  cells.  The  organ- 
ism may  bo  distributed  from  the  seat  of  primary  lesion,  giving  rise  to 
gonorrhoeal  arthritis,  to  maliguaut  endocarditis,  to  exudative  iiiflamma- 
tioii  of  the  pleura,  and  to  infliuumatory  processes  in  other  pai'ts  of  the 
body.* 

The  gonococcus  may  in  the  primary  as  well  as  in  the  secondary  lesions 
be  associated  with  the  "pyogenic  cocci,"  the  colon  t>aci)li,  or  other  micro- 
orgauisms.  These  associations  have  been  observed  in  cases  of  pytemia 
following  gonococcal  infection.  The  gonococcus  is  usually  most  abun- 
dant in  the  urethra  during  the  acute  stage  of  the  inhammation.  But 
long  after  the  orgiinisins  have  disap- 
.-',  peared  from  the   urethral  di.seharge 

.  °  '  they  may  be  present  in  small  iium- 

.- J  bers  in  the  dee|>er  portions  of  the  ure- 
'-,-, '  '  thra  or  in  the  prostatic  secretions 
whence  under  favoring  conditions  a 
fresh  infection  may  arise.  lu  the 
fVmale  the  inflammation,  through  the 
transportation  of  the  gonococci,  may 
..^  ■    "i,        extend  to  the  viigina  and  uterus  and 

1    ,  ' ',.  \  \*\''        into  the  Fallopian  tubes.     The  germs 

"•   t  '  ^-i-*"  j„jjy  giitpi-  (^||(.  peritoneum,  inducing 

,^^      exudative  inHanimation.    Hyiwrphusia 
and  snppunition  of  lymph  nodes  near 
the  inlianimatory  region  may  occur. 
Gonorrheal  conjunclivitis  is  similar  in  origin  and  character  to  the  in- 
flammation of  the  ni-ethra. 

'  WtMi,  Johns  Hopkins  Hospital  Bulletin,  vol.  iii.,  p.  138,  1893. 

•Consult,  for  cases  and  bil)lio},'riiphy,  Yotini/.  "Welch  Anniversary  Contribulions 
to  llie  Science  of  Mtdicinu,"  p.  877,  1800;  also,  Eiting,  Albany  3kil:cal  Annals,  March, 
1B«0.  Bibl. 
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Character*  of  tha  Oonococcua. 

The  gunococcus  Is  apt  to  occur  in  pairs,  tlie  apposed  fiides  being  more  or  less  dis- 
tinctly flatteoed  (Fig,  102).  It  Rtninn readily  witli  ttiiranilin  dye's,  and  differs  from  niost 
known  cocci  whicli  might  bv  mistaken  fur  it  iu  that  it  is  decolorized  by  tlie  io<lia  sulu 
tion  in  the  Oram  roeUiod  of  staining.  It  is  weil  after  Uie  decolorization  by  tliis 
methiHl.  and  before  mounting  in  balsam.  h>  make  a  contrast  stain  with  a  dilute  aqneous 
solution  of  Bismarck  brown.  Then  llie  gonococci  will  be  of  light-brown  culor.  while 
most  other  germs  will  retain  the  violet  color. 

The  gonococcus  does  not  grow  at  ordinary  room  tern perat urea  nor  on  tiio  ordinary 
solid  or  fluid  culture  media.  Il  may,  liowever,  be  cultivated  at  the  teroperature  of  the 
body  on  human  blood  serum  or  on  a  combination  of  this  with  agar,  Ueiman  lias  found 
that  it  grows  readily  on  the  clear  exudate  or  transudate 

fn>m  the  pleural  cavities  in  man  when   this  is  mixed  «•*«  ••% 

with  peptonized  agar,'  ?•  ^^^%S 

In  this  "chest-seriim  agar"  the  surface  growth  of  •  ***'!?*^% 

the  gonococcus  Is  in  fiie  form  of  small  circular,  sharp-  t '  l^  i*  ^^ 

edged,    slightly     raised,    nearly    transparent    colonies,  *  •»  •* 

coarsely  mottled  in  the  central  portion,  finely  granular 

toward  the  borders.  The  life  of  the  colonies  under  arti-  ^<°-  UK.-MicBorom:3  gonor. 
flcial  culture  is  short,  but  by  frequent  transference  to  Rhie*  ((io^ovoki  i  s>. 

fresh  media  it  may  be  mulntaincd  Indeflnltely  and  grad-  From cul lure. 

ually  adapts  itself  to  the  artlllclal  environment.    It  is 

probable  that  the  organism  has  no  natural  liabitat  oatsidc  the  Imdics  of  human  beings. 
The  lower  animals  arc  not,  as  a  rule,  susceptible  to  inoculations  of  the  mucous  mem- 
branes with  the  gojiopoocus,  but  suppiii-ativu  inflammation  lias  In.'cn  induced  in  ndcc 
and  guinea-pigs  by  intraperitoneal  injections. 

Ill ociilat ions  of  pnre  culliires  of  the  gonococcus  upon  the  urethral 
raucous  membranes  of  aiau  hit^e  bft^n  repciitedly  made  and  were  fol- 
lowed by  a  characteristic  catarrhal  inflammatlou.  Thus  the  evideuce  is 
complete  that  the  gonococcus  is  an  excitant  of  the  inflammatlou  with 
which  it  is  so  constautly  associated.  But  lu  what  measure  this  germ,  in 
what  measure  others  are  responsible  for  the  complicating  inflammations 
when  both  germs  occnr  together,  is  yet  to  be  determined. 

Inasmuch  as  one  or  more  forms  of  cocci  and  diplococci  occurring  in 
the  normal  and  iu  the  inflamed  urethra  are  morphologically  similar  to 
the  gonococcus,  great  caution  should  be  exercised  in  doubtful  cases  in 
deciding  upon  the  nature  of  suspicious  micro-organisms  in  urethral  dis- 
charges or  other  exudates.  But  the  pronounced  tendency  of  the  gono- 
coccus to  gather  witliin  cells;  the  sometimes  conspicuous  but  often  ill- 
defiuedflatteningof  the  apposed  sides  of  the  gonococci;  the  decolorization 
by  Gram's  method,  which  lesives  most  other  germs  apt  to  be  associated 
with  the  gonococcus  still  stained,  and  whenever  practicable  the  artificial 
culture  characters — these  all  should  be  considered  in  the  summary  of 
evideuce. ' 

I  Heimnn,  Medical  Record,  June  22il.  \H%ri,  bibl.  , 

'  Von  IJibler,  Centralbl.  f.  BakU'riologie,  etc.,  Bd.  lis.,  p.  120,  1896.  For  sum- 
mary of  studies  on  the  gonococcus  with  bibliography  consult  A'eiater  and  W.  Hcliottz  in 
Kolle  and  Wa&senuann's"Handbuch  der  Mikroorgjiuisnien.'' Bil.  ii..  p.  148. 

A  compreliensivc  bibliographv  may  be  found  in  an  article  by  EUing,  Albany 
Medical  Aauals,  March.  IWO. 
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ACUTE  CEBEBBO-SFINAL  HBNINaiTZS. 

This  is  aa  acute  infections  disease  of  which  the  cliara«teristic  lesion 
is  aD  exudative  inflammation  of  the  pia  mater  of  the  brain  and  cord. 

As  a  rule  the  inflammation  of  the  pia  mater  results  in  a  lai^  pro- 
duction of  serum,  fibrin,  and  pus,  which  infiltrate  the  pia  mater  and  ac- 
cumulate in  the  ventricles,  so  that  the  gross  appearance  of  the  brain  is 
characteristic.  The  exudation  is  especially  abundant  at  the  base  of  the 
brain  and  over  the  posterior  surfaces  of  tlie  cord.  In  children  the  dis- 
tention of  the  lateral  ventricles  with  purulent  serum  may  be  a  marked 
feature,  while  iu  adults  the  quantity  of  serum  is  apt  to  be  small. ' 

WTiile  the  above  are  the  characteristic  lesions  of  this  disease,  there 
are  a  number  of  secondary  or  associated  septiciemic  or  toxjemic  lesions 
in  diflfereut  parts  of  the  body.  There  may  be  subserous  punctate  hiem- 
orrhages  in  the  endocanlium ;  petechia  iu  the  skiu;  hyalin  and  granular 
degeneration  in  the  voluntary  striated  muscle;  occasional  multiple  ab- 
scesses in  various  parts  of  the  body;  suppurative  inflammation  of  the 
joints;  albuminous  degeneration  of  the  heart,  liver,  and  kidneys;  aud 
hyperplasia  of  the  gastrointestinal  lymphatic  apparatus  and  of  the 
spleen. 

Cerehro- spinal  meningitis  may  occur  by  itself  or  in  connection  with 
some  other  acute  infectious  disease,  ■  such  as  acute  lobar  pneumouia, 
mycotic  ulcerative  endocarditis,  pytemia,  multiple  suppurative  arthritis, 
otitis  media,  i)uerperal  fever,  typhoid  fever,  etc. 

It  may  he  epidemic,  the  lesions,  however,  being  essentially  similar  to 
those  in  the  sporadic  form. 

Bacterial  Excitants. — In  sporadic  cerehro-tpiwd  meninffiiis  the  strepto- 
coccus and  staphylococcus  pyogenes,  micrococcus  lanceolatus,*  the  in- 
fluenza bacillus,  the  typhoid  bacillus,  and  the  gonococcus  have  been 
repeatedly  found  iu  the  exudate.     Other  bacteria  have  been  described. 

In  epidemic  cer^ro-spinal  meningitis,  a  micro-organism  has  been  re- 
peatedly found,  called  by  W'eiehselbanm  the  IHplocoecua  intracelMaria 
meningitidis,  which  is  clearly  one  of  the  chief  if  not  the  sole  inciting  factor 
in  the  disease.  It  is  found  in  the  purulent  exudate  of  the  meninges  in 
large  numbers,  aud  is  usually  within  the  leucocytes  or  pus  colls. ' 

Choractere  of  Diplococcue  IntracellulariB  Meningitidis. 

It  is  an  oval  diplociiccus  not  stuioiDg  by  Qram'R  mtlhml.  Its  gronth  on  arfiflcial 
mcdin  is  mtagrc.  Il  forms  small  transparc'Dt  coloiii<!3  on  g]yc(;rin-agar  at  37'  C.  which 
soon  (lit  out  without  fre(]uent  transplanting  to  frc'sh  niwlia.  It  docs  not  grow  at  room 
tcinpprature.  Anicial  experiments  an;  on  the  whole  confirmatory  of  the  belief  in  its 
pathogenic  activity. 

'  For  further  details  of  the  lesions  in  exudative  meninigitis  see  Nervous  System. 

'For  bibliogtapiiy  of  pucumocijcciia  meniujrilia  sec  article  by  Weichselbaum  in  Kolle 
and  Wassennauii's  "Handbuch  der  Mikroorgauismeii."  Bd.  ii.,  p.  236, 

'For  u  study  of  occurrence  of  D.  intracellularis  ineningitiUis  in  the  noae  Bee  Lard, 
Centralbl.  f.  liakteriologic,  Abtli.  I..  Bd.  x\iv„  1903,  p.  641. 
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This  organism  closely  resembles  the  gonococctis  in  morphology  and 
considerably  so  in  caltnre,  and  they  are  evidently  closely  related.' 


OIiANDEBa 

Glanders  is  an  infectious  disease  incited  by  the  presence  and  growth 
in  the  body  of  the  Bacillus  mallei. 

It  is  most  common  in  the  horse,  affecting  the  mucous  membrane  of 
the  nose  (when  involving  the  skin  the  disease  has  been  called /nj-cy),  and 
can  be  communicated  to  man  and  to  certain  other  of  the  domestic  ani- 
mals by  direct  or  accidental  inoculations. 

The  disease  in  man  is  most  frequent  in  those  who  come  much  into 
direct  contact  with  horses.  The  seat  of  primary  local  infection  is  most 
often  the  skin,  more  rarely  the  mucous  membranes  about  the  nose  and 
month. 

The  local  lesions  are  similar  in  man  and  the  lower  animals.  In  the 
presence  of  the  Bacillus  mallei  there  is  usually  a  cireumscritMid  or  more 
rarely  a  diffuse  infilti-ation  of  the  tissue  with  leucocytes  and  yonng  con- 
nective-tissue cells.  Tliese  whitish  foci  of  cell  accumulation  may  be 
small  and  to  the  naked  eye  resemble  miliary  tubercles;  or,  they  may  be 
lai^r  and  nodular.  The  tissues  about  them  may  be  infiltrated  with 
blood.  But  the  accumulated  cells  are  apt  iu  the  presence  of  the  bacilli 
to  become  necrotic  and  disintegrate  and  thus  lead  to  smaller  and  larger 
abscesses,  or,  if  near  the  surfaces,  to  ulcers.  If  they  occur  on  mucous 
membranes  these  lesions  are  often  accompanied  by  intense  diffuse  catar- 
rhal inflammation. 

As  the  glanders  nodules  soften,  the  l)acilli  are  apt  to  diminish  in 
numt>er  or  in  the  capacity  to  stain,  so  that  it  may  be  possible  to  detect 
their  presence  only  by  inoculation  or  culture  methods. 

Tlie  disease  may  t>egln  at  a  single  point,  so  that  it  may  be  mistaken 
for  a  carbuncle  or  gangrenous  erjsipelas.  But  the  infection  is  apt  not 
to  remain  local ;  the  l>acilli,  finding  their  way  along  the  lymph  channels 
into  varions  parts  of  tlie  hotly,  set  up  fresh  foci  of  infiammation  and 
necrosis.  Then  the  skin  may  be  covered  with  a  pustular  eruption; 
furuncles,  carbuncles,  and  abscesses  may  form  beneath  the  skiu  and  in 
the  muscles.  Sodules  are  found  in  the  niisal  mucous  membrane,  the 
lungs,  kidneys,  testes,  spleen,  and  liver.  The  joints  may  be  inflamed, 
and  tlierc  may  be  osteomyelitis.  Xjcucocytosis  may  accompany  infection 
with  the  B.  mallei. 

The  glanders  infection  may,  however,  pursue  a  more  chronic  course, 
with  hard,  persistent  uodulus  and  sluggish  nlcers.  Under  these  condi- 
tions the  detection  of  the  bacillus  iu  the  tissue  by  a  simple  morphologi- 
cal examination  may  be  difflcult. 

'  For  a  stmiy  of  caaea,  with  bibliography,  consult  Flexiier  aad  Barker,  American 
Journal  of  the  Mi'dical  Sciences,  vol.  cvli..  pp.  155  and  359,  1884;  also  Conncilmnit, 
MalUiry.  ami  Wright,  "Special  llcportof  the  State  Board  of  Health  of  Massachusetts." 
1898.  For  agglutinative  reaction  ace  Jaeyer,  Zeitach.  f.  Hygieue  u.  Infkr.,  Bd.  sliv., 
1903,  p.  2^5. 
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"While  some  forms  of  glaaders  nodules  somewhat  resemhle  in  gross 
and  microscopic  appearance  certain  forms  of  miliary  tubercles,  the  ab- 
sence in  the  former  of  coagulation  nei^rosis  and  of  giant  cells,  and  the 
tendency  to  rapid  disintegration  and  softening  in  the  latter  will  usually 
suffice  for  the  distinction  between  the  two  sets  of  lesions.  Bnt  the 
demonstration  of  the  bacilli  characteristic  of  each  is  in  all  cases  decisive, 

Clbaractere  of  the  Bacillua  HalUi. 

The  Bacillus  mallei  is  a  slcntler  bacillus  proportionately  thicker  than  the  tubercle 
bacillus,  with  rouodetl  eiidH.  ocntirriDg  singly  or  in  pairs  (Pig.  lOS).  It  stains  easily 
with  the  Auilin  dyes,  but  readily  gives  up  the  color  in  presence  of  even  feeble  decoloriz- 
ing agents  such  as  dilute  alcohol  or  acids.  It  is  left  decolorized  by 
Gram's  method.  When  stained,  uucolored  areas  are  apt  to  remain 
io  the  body  of  the  germ.  Whether  these  are  spores  or  not  is  not 
yet  definitely  (letemiiiied. 

In  the  tissues  the  tiacilli  may  be  stained  with  LOffler's  alkaline 
methylene  blue. 

FiQ.  i<e.~B*ciLLrs  The  glanders  bacillus  grows  readily  on  almost  all  of  the  ordi- 

Hallei.  nary  artilieial  culture  media,  and  best  at  blood  heat.    The  growths 

on  solid  media  are  apt  to  bo  viscid.  On  potatoes  it  forms  in  tno 
or  three  days  an  abundant  yellowish  pellictc  which  in  a  few  days  darkens  and  finally 
becomes  brown  in  color.  It  gradually  loses  its  virulence  JD  successive  generations  of 
artificial  cultures.  The  germ  is  easily  killed  by  moist  heat,  but  may  remain  alive  in 
a  dried  state  for  months.  Field  mice  and  guinea-pigs  are  very  susceptible  to  infectiou 
with  the  Bacillus  mallei,  and  after  inoculation  develop  highly  characteristic  local  and 
gcneml  lesion.s. 

In  cases  In  which  an  early  diagnosis  is  imperative  it  is  well,  in  addition  to  the  mor- 
phological examination  and  cultures  of  the  suspected  exudate,  to  inject  u  small  amount 
into  the  peritoneal  cavity  of  a  male  guinea-pig.  If  the  virulent  glanders  bacilli  be 
present,  within  two  or  three  days  the  testicles  will  swell  and  develop  on  inU'nse  sup 
purativc  inllammalion. 

As  the  glanders  bacillus  grows  in  nutrient  broth  a  proteid  substance — or  substances 
— develops,  which  when  concentrated  by  evaporation  of  the  broth  is  called  mnHein. 
This  sul^tancc  prepared  and  administered  to  horses  Buffering  from  ghinders,  as  tubei- 
culin  is  prepared  aud  administered  to  tuberculous  cattle  (see  page  235},  gives  a  sindlar 
temperature  I'eactioii.  and  is  thus  an  important  diagnostic  agent.' 

Otber  Bacilli  Kelated  to  Bacillus  Hallai. 

Several  bacilli,  apparently  related  to  the  B.  mallei,  have  been  found  in  various 
lesions  in  men  aud  lower  animals.  Thus  an  organism  called  BwiUiiii  pMiitfoliil/erriilimi 
has  beeu  found  iu  certain  nodular  lesions  somewliat  resembling  tubercles  which  are 
especially  fretjuent  in  rodents.  B.  psfUdoltibeiviloM)  Uqii^itciens  has  been  described  in 
a  series  of  cliecsy  nodules  of  the  periloueuni,  pancreas,  and  liver  in  man.  In  this  group 
also  belong  organisms  which  have  been  found  in  uoma. 

Chancroid. 

In  the  lesion  of  "gufl  eSflfitfre"  (cliaucroid)  and  the  discharge  from  it  a  small  oval 
bacillus  (■'Ducrtfy's  bacillus")  lias  Iwen  frequently  found  cither  clustered  or  in  chains. 
It  stains  .eadily  with  mtlhylene  blue,  although  it  easily  iosi'S  the  color.  It  usually 
occurs  with  oilier  micro-organisms,  and  has  been  found,  though  not  usually,  in  the 
buboes,  often  uccurriog  witli  the  sore.    It  has  been  obtuiued  in  pure  culture,  in  rabbit 
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blood  agar  and  in  liuman  blood,  and  iooculatiou  experiments  In  man  and  in  monkeys 
indicate  its  pathogen Icity.' 

ANTHRAX.    (Splenic  Fever;  HaUgiULnt  Pustule;  Oluwbon;  Carbuncle.) 

This  disease,  which  is  much  more  common  in  the  lower  aiiimals, 
especially  the  berbivora,  than  in  man,  is  widely  prevalent  in  Europe. 
It  is  comparatively  rare  in  the  United  States,  but  in  certain  regions  is 
more  common  than  formerly. 

It  is  induced  in  man  by  accidental  inoculation  with  the  Bacillus  an- 
thracis,  which  also  incites  the  disease  in  the  lower  animals.     Inoculation 


FlO.lOt— ANTHR*X-M*I.IGN*NT  PlSTCT-E— (ll"  THE  9KIX. 

From  a  man  wbo  bail  beva  bBDdlltiir  faiviitD  bl<1i^  In  N>w  York,    Bacilli  xUiliiKd, 

may  occur  through  the  skin  by  the  agency  of  flies  and  other  insects 
which  have  lu'en  feeding  on  animals  infected  with  this  di.sea«e,  through 
abrasions  or  slight  wounds  on  the  hands  of  those  hitndliiig  their  carciiMses 
or  hide-N,  or  in  other  ways.  Following  this  skin  inocidation  a  pustule  is 
apt  to  develop — "malignant  pustule" — and  varying  phases  of  an  acute 
exudative  intlainniation,  which  may  be  hn?morrhagic,  serofibrinous, 
piirulent,  or  neci-otic,  accompany  the  local  proliferation  of  the  germs 
(Fig.  104).  Anthrax  bacilli  iu  lai^  uumbei'K  may  be  present  in  the  local 
lesion.  From  this  local  source  a  general  infection  may  ensue.  General 
infection  may  occur  without  evident  external  lesion. 

Infection  with  anthrax  may  occur  thi-ough  the  lungs,  most  often 
among  those  who  handle  infected  wool  or  hides,  the  dust  from  which  is 
inhaled  ("wool-sorter's  disea.sc").  Under  these  conditions  there  may 
be  oedema,  lobular  pneumonia  with  involvement  of  the  pleura,  media- 
stinum, and  other  atijacent  structures.  Infection  through  the  gawti-o- 
intestiual  canal  takes  jdaco  by  the  ingestion  of  food  contnining  anthrax 
spores,  and  is  apt  to  be  accomjianied  with  inflammatory  and  necrotic 
changes,  which  are  described  in  detail  among  lesions  of  the  intestine. 

When  genei'al  anthrax  infection  occurs  the  post-mortem  ai)i>caranees 
vary.  Decomposition,  aj4  in  other  acute  infections,  generallyselsinearly. 
The  blood  is  fn-queiitly  not  much  coagulated  and  dark  in  color.  Ilteui- 
orrhages  and  ccchymoscs  ai-e  freiiucntly  found  in  the  serous  and  mucous 
nieuibiaiies  and  in  various  other  parts  of  the  body. 

'See  DatU,  Jouruul  of  Medical  Iliwarcli,  vol,  ix.,  1003,  \i.  401,  bibl.       -^ 

u.,li7ec.v,C.OO(^[C 
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The  lungs  may  show  small  haemorrhages  and  (edema,  and  the  bronchi 
may  he  deeply  congested.  The  plenral  cavities  may  contain  serum. 
The  intestines  may  exhibit  the  lesions  of  the  so-called  intestinal  mycom. 


Fio.  lOo.— Bacillus  A 


The  bronchial  and  other  lymph-uodes  may  be  swollen.     The  spleen  may 
be  swollen,  very  dark  in  color,  and  soft,  sometimes  almost  diffluent. 

The  bacillus  may  he  found,  usually  in  lai^e  immbers,  in  the  spleen 
and  in  the  capillary  blood-vessels,  especially  in  the  liver  (see  Fig.  105), 
Inngs,  kidneys,  and  intestine. ' 

Characters  of  the  Bacillus  Authracis. 
The  Bacillus  an thracjs  is  fintn  5  U  20  /<  luug  ati<t  uboiit  1  /i  broad,  capsulated.  and 
is  ofluii  UDtven  along  the  sides.     Tlit  endt.  ol  tile  bacilli  ar«  square  or  sliglitly  con 
1  Ihc  liactlli  often  bang  togetber  tod  to  end,  forming  tbreadlilie  a 


(Fig.  10(t).  While  the  Imcilli  in  the  ^egl.tall^c  (Onditii 
velop  spores  outside  of  thu  body  only  and  thest  are  vyy 
the  ordinary  g(;nnicidal  agents  and  to  heat  rc!,isting  ofti 
from  two  to  five -percent  carbolic  acid  and  defying  for 
some  minutes  tlio  action  of  live  steam.  Anthmx  bacilli 
are    immobile,    sometimes   cupsulated.   and    nre    easily 


stained  by  (be  nniliu  dyes.     They  ii 


eratures,  II II  id - 
before  liiey  do 
o  the  solid  mc- 


easily  killed,  tliey  de- 
'Ulnerable  to    " 
for  many  days  the  action  of 


develop  nt  the  seat  of  inociilatiou,  while  in  the 
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If  cultures  of  Ibc  autbraic  bacillus  be  niaile  Ht  a  temperature  of  uboul  43'  C. 
growth  occurs,  but  it  is  meagre,  S|)orf,s  are  uot  formed  as  Ihty  are  at  body  tem- 
perature, and  the  virulence  of  the  germ  dimioishes  day  by  day,  so  that  at  Iiiat  the 
most  susceptible  animals  are  noi  affected  by  large  inoculations  of  the  living  orgou' 
isms.  If  fresli  cultures  of  Ihcse  organisms  be  made  in  various  stages  of  their 
diminishing  virulence  and  maintained  at  their  optimum  temperature,  spores  will 
again  form.  Ihu  growth  ivill  become  vigorous,  and  ia  morphology  quite  eliaractor- 
istic;  but  the  physiological  qualities  which  detennino  virulence  will  renuLin  more 
or  less  in  abeyance. 

By  inocutation  of  animals  wilh  anthrax  cultures,  beginning  witli  those  which  had 
been  maintained  at  43'  C.  for  from  fifteen  to  twenty  days,  and  thus  posses.sed  but  fetrble 
virulence,  and  passing  to  those  cultivated  at  43  C.  for  a  shorter  time  and  which  were 
therefore  more  virulent,  Pasteur  was  able  to  secure  immunity  from  anttirax  jn  a  scries 
of  the  lower  animals  (see  page  174).  Basol  upon  these  experiments  u  method  of  pro- 
tective iuooulatiou  has  been  practised  ou  a  targe  scale  aniong  sheep  and  other  animals 
in  some  parts  of  Europe  which  has  been  of  great  economic  value.  According  to  sume 
authorities  the  death  rate  from  anthrax  has  under  these  preventive  inoculations  been 
reduced  in  ^eep  from  ten  per  cent  to  al>iul  nine-tenths  of  one  per  cent,  and  in  cattle 
from  five  per  cent  to  less  than  four-tenths  of  one  per  cent. 

A0TIK0KTC08IS. 

This  disease,  which  is  of  occasional  occurrence  in  man,  bnt  is  more 
common  in  the  domestic  animals,  especially  in  cattle  and  in  horses,  is 
most  frequently  characterized  by  a  sjow  suppurative  and  proliferative 
process,  often  leading  to  the  formation  of  lai^  fungous  niasst's  which 
may  become  calcareous. 

In  cattle  the  new-formed  tissue,  which  develops  with  especial  fre- 
quency in  the  jaw,  is  apt  to  extend  beyond  the  original  site  and  to 
slough,  so  that  not  only  may  the  tissues  of  the  tongue,  pharynx,  larynx, 
etc.,  be  involved,  but  secondarj'  nodules  of  similar  character  may  form 
in  the  lungs,  giistro- intestinal  tract,  and  skin. 

In  man  suppuration  with  necrosis  and  the  formation  of  abscesses, 
ulcers,  and  fistulie,  are  the  most  marked  lesions  in  parts  near  the  surface 
of  the  body.  In  the  lungs  the  lesions  may  be  essentially  those  of  an 
acute  general  bronchitis  or  in  the  form  of  broncho-pneumonia  (Fig. 
107),  with  the  formation  of  new  tissue.' 

Abscesses  and  cavities  may  form  which  extend  into  adjacent  parts. 
In  intestinal  actinomycosis  nodular  masses  of  new  tissue  with  ulceration 
may  develop  in  the  mucosa  and  submueosii.  Metastases  have  been  de- 
scribed. The  excitaut  of  this  disease — now  most  comnioidy  ciilled  Strep- 
tothrii:  actinomyces  or  Actinomyces  bovis — is  a  micro-organism  which 
seems  to  be  more  closely  related  to  the  moulds  than  to  the  bacteria.  It 
is,  however,  considered  here  because  its  botaniciil  position  is  not  yet 
clearly  established,  and  it  is  still  commonly  regardetl  as  one  of  the  so- 
called  pleomorphous  or  "higher  bacteria"  (see  page  145). 

The  organism  often  grows  in  the  tissues  in  the  form  of  little  rounded 
masses  from  a  size  so  smtill  as  to  be  invisible  to  that  of  a  pin's  hea<l. 
They  may  be  transparent  or  grayish-white  or  yellow  or  dark  in  color. 

'  For  a  detailed  description  of  the  lung  lesions  in  actinomycosis,  with  general  bib- 
liography, see  If'-dfiipi/l.  "  Actinomyosis  of  the  Lung,"  New  York  Medical  llecord.  De- 
cember 18th.  leett. 


Digitized  byGoOgIC 


THE  INFECTIOUS  DISEASEB. 


Under  the  microscope  these  masses  otleu  appear  in  the  form  of  a  dense 
group  of  radiating  filameuts  with  more  or  less  bulbous  ends ;  hence  the 
1  name  "ray  fungus." 


Ill  It^niiUiwJae.  conUldH  purulent  ex uda bund  its  wull  Is  becooilLg 

Characters  of  Actmom^cea. 

Tlie  organism  is  readily  cultivati-d  at  body  Winperature.  It  grows  in  delicate 
braodiing  tlireiuls  wliicb  InWr  sliow  segraents  resem tiling  bacilli  aud  cocci  btsiides  bulb- 
ous or  club-Bliaped  forms,  proiwbly  TOsulliug  from  degeuerution  ("  involulion  forms  "). 
Successful  inoculations  of  cultures  liave  been  made  in  auimals. 

The  organism  is  usually  conveyed  from  one  animal  to  another  by  inoculation  or  by 
contact  of  the  growtli  witli  a  wound  or  an  ubrosion  of  tlic  mucous  membrane. ' 

In  the  e^imniDation  of  sputum,  Tseces,  pus,  etc.,  for  tlie  presence  of  octinoniyces, 
the  naked-eye  appearances  may  be  of  value,  since  the  yellowish-while  granulesare  often 
quite  visible,  especially  on  a  black  background.  Suspicious  masses  may  be  teased  and 
Btudiwl  unstninert,  or  stained  by  Oram's  metiiod.  Sections  of  tissue  may  be  liardeiicd 
in  alcohol,  and  sections  stained  by  Uraiii's  mctliiMl  witli  contrast  eosiu  stain. 

Other  OrganisniH  BeBembling  Actinomyces. 

Many  forms  of  micro-organisms  of  similar  general  characters  tti  the  Strcptotbrix 
actinomyces  have  been  described,  some  occurring  in  connection  with  inteetivu  [iroc'ssea 
iu  men  and  tlie  lower  nnimals  of  which  tliey  seem  to  be  the  excitants,  others  living  as 
saprophytes  in  various  situations.  Among  the  apparently  palhogeuic  forms  we  may 
mention  the  following: 

flliViilollDi'j-  Miidiinr  which  is  found  in  eonncclioti  with  a  disease  commonly  called 
mycftouia  or  "Madura  fiwt,"  frequent  in  the  tropics  and  clmnicleri?.ctl  by  new  nodular 
growths  associated  with  suppuration  and  necrosis  most  often  alTccting  the  foot.* 

'  For  recent  bibliogmphv  of  actinomycosis  see  Schleyd  in  Lubarsch  and  Ostertag's 
"Ergebnissc."  JtihrK.  5  for  IHIW,  p.  4oa. 

'Consult  ^VFigltl,  Joum.  Exp.  Med.,  vol.  lii.,  p.  421,  I!il)l, 
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Anotlier  tnrm  Las  Iwcn  dt'tcrilic'cl  iu  conQccliim  nitli  a  peculiar  form  (if  crysijMlu- 
toiis  inflammalioD  oF  tlic  skfn ;  auothtr  iu  tbu  sn-cuUtil/'imVi  <ie  bauf.  a  disease  of  cut- 
tic  Id  Guadeloupe. 

Several  times  organisms  of  tliia  geoeral  cliorccltr.  but  differing  considerably  (mm 
K.  actinomyces,  liavc  been  found  in  icidammalory  ami  Decn>tic  li'nioiis  of  llie  lungH. 
Wbctber  these  arc  variants  iif  tbat  species  or  inrlcpendent  species,  anil  how  niany  such 
there  arc  it  is  impossible  at  prexi-ot  to  say.' 

Phiiryngo-llycosis  Ii«ptothricBk 

Certain  filamentous  micro- organisms  called  [^ptothHi.  whose  botaoical  afflliationa 
ore  not  yet  clear,  are  of  common  occurrence  in  the  mouths  of  Uealtliy  persons,  Oceii' 
sionally.  however,  a  persistently  recurrent  attacit  of  "gore  tbroat,"  witb  liK»l  tendemt-ss 
and  sometimes  cough  and  fever,  is  associated  with  the  growth  of  masses  of  leptothrlx 
in  (lie  crypts  of  the  tonsils,  at  the  base  of  the  tongue,  on  the  walls  of  the  pharynx,  or 
in  the  uose  or  superior  portion  of  the  lesopbagus.  The  leptothrix  masses  or  colonies 
form  Ihick  whilisli  pellicles  or  patches  which  may  he  superficial,  or  in  the  tonsils  may 
extend  deep  into  the  crypts.  These  masses  are  usually  fimdy  adherent,  often  leavs 
bleeding  surfaces  when  removed,  and  the  growth  Is  apt  persistently  to  recur. 

Microscopic  examination  of  removed  portiims  of  the  growth  kIiow  tufts  an<l  ima- 
dles  of  the  thread-like  micro-organisms,  growing  among  or  directly  out  from  flat  epi- 
thelial cell  masses  and  mingled  with  various  other  foims  of  micro-organisms,  mostly 
cocci  and  short  bacilli.  There  maybe  overgrowth  of  epithelium  anil  collections  of  leu- 
cocytes in  and  about  the  leptothrix  masses.  Id  sections  of  the  tissue  or  in  teased  frag- 
ments treated  with  iodln  (Lugol's  solution)  the  leptothrix  threads  are  readily  differen 
tiated  from  the  tissue  elements  and  from  other  micro-organisms,  by  their  dark  color.* 

HTFLUEHZA.    (Epidemic  Catorrbftl  Tever ;  La  Grippe.) 

This  is  au  iufectious  disease  cliaracterized  by  fever,  physical  and 
mental  prostratiou,  aud  exudative  itiflammatioiis  iu  different  x>ai't.s  of  the 
body.  Thus  there  may  be  exudative  inflammation  iu  the  reapirat<n^% 
digestive,  and  nei'vous  systems,  either  singly  or  t(^ethor,  Sometimc-s, 
however,  these  local  inflammatious  may  be  absent  when  the  disease  may 
be  marked  by  the  characteristic  prostration  and  symptoms  of  toxiemia. 
Tfone  of  the  lesions  appear  to  be  eharacteristic.  The  lesion  of  the 
lungs  is  tisually  uf  the  broncho-pneumonic  type  and  is  apt  to  involve  the 
iuterstitial  tissue.  The  cut  surfsice  is  smooth,  the  exudate  soft  and 
contains  relatively  little  fibrin.  The  lung  r4>sembles  that  of  "purulent 
infiltration." 

The  numerous  bacterial  studies  which  up  to  1892  had  l>eeu  made  on 
epidemic  influenza  had  failed  to  reveal  any  micro-organism  which  eoidd 
fairly  be  regarded  as  of  etiological  significance,  although  some  of  the 
complicating  inflammatious  of  the  lungH  had  been  shown  to  be  verj'  fre- 
quently associated  «*ith  the  pyi)genic  cocci — Staphylococcus  pyogenes 
and  Streptococcus  pyogenes  and  the  Diplococeus  pneumonife. 

'  For  a  description  of  two  such  cases,  with  a  selected  bibliography,  sec  Horris  and 
Larkin,  Journal  of  Experimental  Meilieiiie.  vol.  v.,  p.  155,  190U. 

For  a  critical  summary  of  this  group  of  oreaniams.  with  a  full  hibliogrephy.  see 
monograph  liy  J^nf/n'trSiiufonil,  "I'elier  tStraluenpllze,"  Stra.'iburg.  IStW;  see  also 
I'ttrimrlikii,  Kotle  and  Wassermann'a'HjindhuchdeiMikroorgaoismen."!!*!.  ii.,  p.  883. 

For  full  treatment  and  bihiiogruphy  cnnsidt  tlie  monograph  ou  "  Aktinouiyko!<c 
b;  f^^/nTcHn  Kolleand  \V>i.4sermaim's- llandhuchder Alikroorganismen."  Bd.  Ii..  p.  801 ; 
see  also  -I/unsfr.  Penire  mill  Oirgii.  Trans.  Assn.  Am.  Pliys.,  vol.  xvi.,  p.  2l)8.  IWIl. 

*  For  further  detai's  and  liibliograpliy  consult  Camptifl!,  Medical  News,  April  4th, 
8M;  also  I'^rce.  Bull  Univ.  Cenn..  vol.  xiv..  IMS,  p.  817. 
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Early  iu  1892  PfeifFer,  Kitasato,  aud  Cauou  described  the  occurrence 
ID  the  bronchial  exudate  and  iu  the  blood  of  influenza  patients  of  a  very 
small  bacillus,  hitherto  unknown  or  possibly  noted  earlier  by  Babes. 
This  bacillus — B.  influenza — was  sometimes  present  in  the  bronchial  exu- 
date in  enormous  uumt>ers,  and  often  with  little  or  no  contamination 
with  other  germs.  It  was  found  at  the  seat  of  other  local  lesions,  and  the 
pus  cells  often  contaiued  many  ba«illi.  In  the  blood  it  was  occasionally 
present.     It  has  beeu  found  t«  persist  in  the  body  long  after  the  active 


Characters  of  the  InflueBza  Bacillua. 

The  influenza  bacillua  staina  with  some  difnculty  with  the  simple  aailia  dyes;  but 
by  Zichl'B  aolution  (page  347),  or  by  warmed  LOffler's  methylene  blue  (page  154),  it  is 
readily  colored.  It  does  not  retain  the  slain  well  by  Grem's  method.  The  bacilli  are 
aleudcr  and  short  (one  to  one  and  a  half  times  aa  long  as  broad)  with  rounded  ends, 
sometimes  lie  singly,  sometimes  in  pairs  or  short  chains  or  heaps,  do  not  form  spores 
and  are  not  motile.  The  organism  apparently  dies  after  a  few  hours'  drying  in  tlie  air 
and  soon  in  water. 

This  bacillus  grows  beat  at  body  temperature,  on  glycerln^agar  whose  surface  has 
been  smeared  with  blood — human,  rabbit,  or  pigeon.  It  forms  very  small,  scarcely  vis- 
ble  dendrop-libe  colonies,  which,  although  growing  close  together,  do  not  tend  to  coal- 
esce, as  many  micro-organ  iams  do.  It  does  not  grow  at  a  temperature  at  which  the 
nutrient  gelatin  remains  solid.  In  beef  tea  it  forms  a  scanty,  cloudy  growth.  It  has 
been  cultivated  througli  several  generations,  but  usually  dies  soon.  Animal  Inoculations 
have  given  diverse  and  not  very  marked  results.  The  earlier  observations  liave  been  in 
general  conHrmed  by  later  studies  of  others,  but  the  frequency  of  its  occurrence  in  the 
blood  has  been  questioned. 

The  evidence  that  the  oi^nism  described  above  is  the  excitant  of 
influenza  rests  largely  upon  its  appareutly  constant  presence,  especially 
iu  the  exudates.  Its  efi'ects  in  the  body  are  most  commonly  induced 
through  its  toxins.  That  the  oi^nism  should  have  beeu  occasionally 
found  under  other  conditions*  does  not  at  all  militate  against  its  signifi- 
cance in  inciting  the  manifestations  of  influenza,  since  many  parallel  in- 
stances are  known  in  otiier  infections  diseases.  The  frequent  discrep- 
ancy between  the  clinical  aud  bacterial  diagnosis  in  itifluetiza  is  largely 
due  to  its  varying  and  often  obscure  clinical  manifestations  which  render 
possible  and  convenient  the  use  of  the  name  for  many  phases  of  catarrhal 
and  other  forms  of  inflammation. 

Other  Organiama  of  the  Influenza  Bacillus  Oroup. 

There  are  several  organisms  in  the  influenza  bacillus  group  which  conetdembly  re- 
iiemble  it,  some  of  which  appear  to  be  pathogenic,  others  not  so.  Thus  several  ob- 
servers have  found  in  exudates  from  various  sources,  but  especially  in  the  respiratory 
passages,  small  Immobile  asporogenous  bacilli  growing  best  under  conditions  similar 
to  tboae  favorable  to  the  ioflueni^  germ,  the  colonies  being  similar.    They  arc  some- 

'  Por  a  full  resume  of  the  characters  of  the  influenza  bacillus  and  its  relation  to 
various  forms  of  the  diseaBe,  wilh  bibliography,  see  tlie  articles  by  Beck  in  Kolle  and 
Wassermann's  "Handbuch  der  Mikroorganismen,"  Bd.  it.,   p.  3S9. 

'See  Park,  "Bacteriology  in  Jledlcine  and  Surgery,"  p.  836. 
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what  larger  than  the  iDflueoza  barillus,  auJ  Uod  tu  furia  Uireads.  TLis  organism  has 
been  called  the  pseudo- Influenza  bacillus — B.  paeudo-infiueaza.  Its  pathogenic  capact- 
ties  are  uot  clear,  but  it  evidently  differs  in  this  respect  from  the  geouine  influenza  ba- 
cillus. In  stained  specimens  uf  exudate  the  pseudo-bacillus  may  be  mistaken  for  its 
relative. 

Another  bacillus  of  tliia  group,  B.  conjiiiieliHtidis,  has  been  fonnd  in  conjunctival 
catarrh  by  several  observers  in  various  countries. 


TYPHOID  FEVEB. 

Typhoid  fever  i8  an  acute  iufeetious  disease  incited  by  the  Bacillus 
typhosus.  The  reaction  of  the  body  to  this  bacillus  is  usually  mani- 
fested by  characteristic  lesions,  especially  by  hyperplasia  and  necrosis 
in  the  lymphatic  structures  of  the  intestines  and  the  mesenteric  lymph 
nodes,  and  in  the  spleen,  as  well  as  hy  the  more  general  alterations  inci- 
dent to  toxfemia  and  septietemia ;  bat  the  infection  is  occasionally  of  the 
septiciemic  type  without  characteristic  local  lesions  cither  in  the  intes- 
tines, or  mesenteric  nodes,  or  other  viscera. 

The  Bacillus  of  Typhoid  Fevee. 

The  presence  of  a  bacillus,  called  Bacillus  typhoeus,  in  various  parts 
of  the  body  in  typhoid  fever,  in  a  considerable  proportion  of  the  cases 
examined,  has  been  well  established  by  a  large  number  of  observers. 
This  bacillus  does  uot  occur  in  the  body,  so  far  as  is  known,  except  In 
connection  with  this  disease. 

ChAractera  of  ths  Bacilltu  Typboavw. 
The  typhoid  bacillus  is  usually  about  three  limes  as  long  as  broad,  being  about  one- 
third  as  long  as  the  diameter  of  a  red  blood  cell.     It  is  rounded  at  the  ends,  motile. 
aerobic,  facultative  anaerobic,  and  asporogenous.     It  grows  reatiiiy  at  room  tempera- 
ture on  tlie  ordinary  media.     In  cultures  the  bacilli  ofteu 
cling  together  end  to  cud,  forming  threads  (Pig.  106). 

During  artiflcial  culture  in  nutrient  broth  a  poisonous 
albuminoid  product  or  products  are  formed  which  have 
been  named  typhotoiin.  Injection  of  this  into  the  rabbit 
may  in  addition  to  general  toxic  symptoms  induce  hyper- 
plasia of  the  intestinal  lymph  nodes. 

Inoculations  of  the  typhoid  bacillus  into  animals, 
FIG-  ltti.-B*ciLn-8  TYFHosi-9.  ^.^^^^  ^^^  produciug  B  diseaso  in  all  respects  like  tliat  in 
the  human  subject,  may  cause  death  with  symptoms  and  lesions  as  closely  resembling 
those  in  man  aa  we  are  often  able  to  produce  in  aaimat  experimentation.  Although 
similar  effects  may  be  induced  in  animals  by  inoculation  with  otlier  germs,  the  evi- 
dence that  typhoid  fever  in  man  is  produced  by  the  typhoid  bacillus,  and  by  this  alone, 
Is  altogether  so  strong  as  practically  to  amount  1o  a  demonstration. 

It  is  probable  that  the  more  characteristic  symptoms  and  lesions  of 
typhoid  fever  are  largely  due  to  the  absorption  of  toxic  substances  which 
are  produced  as  the  result  of  the  life  processes  of  the  bacteria  at  the 
point  of  their  greatest  accumulation  and  activity.  It  should,  however, 
be  borne  in  mind  that  the  tjphoid  bacillus,  as  is  the  case  with  many 


.V,  Google 


228  THE   INFECTIOUS  DISEASES. 

other  Icicteria,  may  induce  local  changes  by  mciiiis  of  its  proleid  coustit- 
netits  whicli  are  set  fi-ee  as  the  oi^auisnis  disintegrate  after  tlieir  death 
in  the  body.' 

Primary  Characteristih  Lf:sion's. 

AVe  shiill  first  consider  the  lesions  whicli  are  most  common  and  char- 
acteristic of  typhoid  fever. 

The  Intestines. — The  lesions  of  the  intestines  consist  of  an  inflamma- 
tory enlargement  (hyperplasia)  of  the  solitary  lymph-nodules  and  of  the 
agminated  lymph-uodnles  (Peyer'.s  patches).  Necrosis  of  the  nodules 
with  ulceration  frequently  follows  the  hyperplasia. 

The  process  appears  to  begin  with  a  catarrhal  inflammation  of  the 
mucous  membrane,  accompanied  or  immediately  followed  by  changes  in 
the  lymph-nodules.  The  lesions  in  the  lymph-nodules  begin  early;  they 
have  been  observed  in  persons  who  ha\e  died  forty-seveu  hours  after  the 
commencement  of  the  disease.  The  increase  in  size  of  the  agminated  and 
solitary  nodules  may  be  rapid  or  gradual.  The  nodules  may  be  only 
slightly  enlarged,  or  may  project  far  info  the  lumen  of  the  intestine. 
The  enlargement  is  usually  more  marked  in  the  agminated  tlian  in  the 
Bolitary  nodules.  Usually  the  whole  of  a  Peyer's  patch  is  enlarged,  but 
sometimes  only  a  part  of  it.  If  the  enlai^ement  be  gradual  the  difl'erent 
nodules  which  make  up  a  Peyer's  patch  may  enlarge,  while  the  septa 
between  them  remsiin  but  little  changed,  thus  giving  the  patch  an  une^'en 
appearance- 

The  patches  which  are  only  moderately  enlarged  are  of  reddish  or 


F[0.    !(».-  HVPKBPLASI*  or  PKVKR'S  PATCHES  IS  TYPHOID    FKVKH. 

reddish-gi-ay  color,  are  soft  and  spongy,  and  their  edges  blend  gradually 
with  the  adjoining  mucous  nietribi-ane.  The  patches  which  are  inoi* 
markedly  affected  are  of  grayish  color,  of  firm  consistence,  and  v\i<e 
abruptly  from  the  surrounding  mucous  membrane  (Fig.  109)  or  e\en 
overhang  it  like  a  mushroom.  The  largest  psitches  are  sometimes  uioi-e 
than  thi'ce -eighths  of  an  inch  thick. 
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Th(^  enlargement  aud  iiifiltnition  may  spread  from  ttic  patches  to 
the  Kiirroiiiidiiig  mucous  membrane,  so  that  the  patches  appear  very 
large ;  a  uiimber  of  them  may  become  fused  together,  and  there  may  even 
be  ail  aiiiiular  iuiilti-iitiou  entirely  around  the  lower  end  of  tlic  ileum. 
The  infiltration,  limited  at  first  to  Peyer's  patches,  may  extend  ontwai-d 
into  the  mnscular  coat,  and  ajipear  in  the  jwritonestl  coat  as  small,  gray, 
rounded  nodutes.  This  condition  is  usually  found  only  with  a  few 
patches  in  the  lower  end  of  the  ileum;  sometimes  in  the  cieeum  and 
apiiendis  vermifonuis. 

The  solitary  nodules  are  afTeeted  in  the  same  way  aa  Peyer's  patclies. 
They  may  be  hardly  enlarged  at  all,  or  be  quite  prominent,  or  may  be 
alTi'cted  over  a  larger  portion  of  the  intestine  than  are  the  patches. 
Verj  rarely  the  solitarj-  nodules  are  enlarged,  while  the  patches  are  not* 
at  all  or  but  slightly  affected, 

Tlie  inflammation  and  enlargement  of  the  agminated  and  solitary 
nodules  may  be  followed  by  a  healing  process.  The  character  of  this 
process  varies  accoiding  to  the  intensity  of  the  previous  inflammation. 

If  the  reaction  be  slight  aud  the  enlargement  of  the  nodules  moderate, 
ihe  enlargement  gradually  disappears,  and  they  resume  their  normal 
appearance  (resolution).  In  moderate  enlargements  of  Peyer's  patches 
i-esolution  proceeds  first  in  the  nodules,  leaving  Ihe  septa  between  itaem 
for  a  time  still  swollen  and  prominent.  This  gives  to  the  surface  of  a 
patch  a  reticulated  appearance.  After  a  time,  however,  the  entire  patch 
becomes  flattened  and  uniform,  Ou  the  other  hand,  the  solitary  nodules 
or  the  separate  nodules  of  a  patch  may  soften,  break  down,  and  their 
contents  are  discharged  with  some  attendant  hiemorrhage.  This  leaves 
a  bluish-gray  pigmentation,  due  to  altered  haemoglobin,  in  the  situation 
of  each  nodule,  and  this  may  remain  for  years. 

In  more  severe  types  of  the  disease  the  enlargement  of  the  nodules  and 
Peyer's  patches  ends  in  ulceration.     This  takes  place  in  two  ways: 

(a)  The  enlarged  nodules  or  patches  become  necrotic,  soften,  break 
down,  and  discharge  into  the  intestine.  In  this  way  are  formed  small 
ulcers  {Fig.  110).  These  ulcere  in- 
crease in  size  by  the  same  softening 
pixwess,  which  gradually  extends  at 
their  edges,  and  in  this  way  ulcers  of 
large  size  may  be  fomied.'  The 
ulcers  may  extend  outwaitl  to  the 
muscularis  or  to  the  peritoneal  coat, 
or  they  may  involve  the  peritoneal 
KiG.  ]jo.-HVPKiipu*u  oi'  pkteh's  pat(,'ii  in      ''■^"^^  '^^^  ^"<i  perforate. 

Typhoid  Fkvkr  with  Small  Ulikks.  (ft)   In  the  severest  forms  Of  the 

Tbe  separaw  tmM  uicerH  are  eiiending  and     disease  considerable  portions  of  the 

have  In  part  coalesctd.  ,  .  l  i         ^  i 

enlarged   patches   may  slough  aud 

t>ecome  detached,  leaving  large  ulcers  with   thick,   overhanging  edges 

I  Owing  It)  tho  frpijiieut  involvement  of  Peyer's  pntchm,  tlic  larger  intestinal  iilwre 
in  typhoid  fever  are  apt  to  liave  their  longest  diameter  lengllnvifie  of  tlic  gut  in  eim- 
Irast  In  spreading  tuberculous  ulcers,  wbirli.  owing  to  tho  extension  of  tlie  loenl  iiitlam- 
nialion  along  the  encircling  lymph  clinnm'ls,  are  apt  to  liave  the  longest  diameter 
crossing  the  gut.    But  exceptluns  to  this  general  rule  are  common.  ,  ~  i 
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(Fig.  111).  Tb-j  slough  may  iuvol\e  ouly  the  uodules,  or  it  may  iuvolve 
also  the  muscular  aud  i)eritoiieal  coats  aud  perforation  may  occur. 
These  ulcei-s  also  may  afterward  iiici-ease  in  size,  and  8e\eral  of  them 
may  be  joined  ti^cther.  When  the  ulceration  leads  to  i>erforatioii,  peri- 
touitis  and  death  are  the  usual  result.  In  mre  cases,  however,  the 
I>atient  recovers  and  the  perforation  is  closed  by  adhesions. 

If  the  patient  recover,  the  ulcere  are  covered  by  granulation  tissue, 
their  edges  become  flattened,  the  granulation  tissue  becomes  firmer  and 


nn.  111.— Ulcihation  or  Pktir's  Patches  and  Solitaiit  Ltmph  Nodclks  is  typhoid  r 


denser,  and  this  new  connective  tissue  is  gradually  cohered  with  cylin- 
drical epithelium. 

The  minute  changes  which  take  place  in  the  development  of  the  in- 
testinal lesion  are  a-s  follows: 

At  first  the  blood-vessels  around  the  nodules  are  dilated  and  con- 
ge8te<l,  while  the  nodules  are  swollen  and  the  epithelium  may  fall  off. 
Then  the  nodules  increase  in  size,  largely  from  a  growth  of  new  cells. 

This  cell  growth  is  essentially  an  hyperplasia  of  normal  elements  of 
the  lymphatic  tissne,  namely,  the  lymph  cells  and  the  endothelium  of  the 
trabecnlffl  and  sinuses.  There  are  thus  two  main  types  among  the  new- 
formed  cells,  first,  small  cells  with  relatively  large  and  deeply  staining 
nuclei;  and  second,  lai^r  polyhedral  or  rounded  cells  with  moi-e  or 
less  vesicular  nuclei.  The  lai^er  cells  may  contain  foreign  substances, 
such  as  red  blood  cells  or  leucocytes  (Fig.  112).  The  occurrence  of 
mitotic  figures  in  the  endothelial  cells  while  these  are  in  sUit,  and  the 
position  and  grouping  of  the  lai^  cells  api>ear  to  prove  their  endothelial 
origin.  The  production  of  new  cells  is  not  confined  to  the  nodules,  but 
e.vtends  also  to  tiie  adjaeent  mucous  membrane.  In  many  cases  also  little 
foci  of  similar  new-formed  cells  are  found  in  the  muscular,  eul>serous,  and 
serous  coats. 

In  this  stage  resolution  may  take  place;  Iben  the  new-formed  cells 
degenerate  and  gradually  disappesir.  In  severer  forms  of  the  disea.se 
necTOtic  changes  are  apt  to  su^ierveue,  leading  to  the  larger  and  small 
ulcers  above  descnlMxl.  The  factors  which  determine  the  death  of  the 
hyperi)lastic  tissues  are  not  yet  fully  understood.  It  is  believed  byscnue 
to  be  directly  due  to  toxic  substances  fonne<l  by  the  typhoid  bacilli  which 
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kill  the  tissue  cells;  others  are  inclined  to  attribute  it  to  the  pressure 
which  the  newforniea  cells  exert  oii  the  nutritive  blood-vessels.  The 
conclusions  on  this  point  which  Malloiy  draws  fmrn  a  long  and  interest- 
ing series  of  studies  would  indicate  that  a  proliferation  of  the  endothe- 
lial cells  of  the  blood-vessels  may  lead  to  their  occlusion.  This  observer 
describes  the  formation  of  occluding  thrombi  in  the  lymph  vessels  and 
smaller  veins.     These  are  composed  of  the  iirolifenited  endothelial  cells 


k 
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l^urwylrs.  red  blood  celL;. 


which  have  degenerated,  t<^ther  with  fibrin  whose  formation  these 
degenerating  cells  induce.  The  accumulation  of  serous  and  tibriuous 
exudate  about  these  thrombi  and  the  necrosis  of  tissue  which  may  now 
ensue,  may  soon  be  followed  by  necrosis  of  the  superficial  epithelium 
and  the  development  of  ulcers.  The  accumulation  of  poljnnorpho- 
nuclear  leucocytes  may,  according  to  Mallory,  now  occur,  and,  in  cases 
which  go  on  to  recovery,  healing  follows  by  the  formation  iu  the  usual 
way  of  granulation  tissue  with  the  ultimate  restitution  of  the  surface 
epithelium.  Mallorj-  lays  .great  stress  upou  the  phagocytic  nature  of 
the  new-formed  cells  of  the  leins  aud  lymph  vessels.  For  the  signifi- 
cance of  this  process  aud  other  interesting  details  we  refer  tothe  original 
paper, ' 

The  lesions  which  we  have  described  are  found  most  frequently  and 
are  most  pronounced  in  the  lower  part  of  the  ileum.  They  are  not 
always,  however,  confined  to  this  situation.  Enlarged  and  ulcerated 
nodules  may  be  found  over  the  entire  length  of  the  ileum  aud  even  in 
the  jejunum.  They  may  also  extend  downwai-d  aud  be  found  in  the 
colon,  even  as  far  down  as  the  rectum.  Similar  changes  may  talte  plaee 
in  the  appendix  venniformis. 

HflMUteric  Lymph-Nodes. — The  mesenteric  nodes  nudei^o  changes  simi- 

'  M.iHoru.  Joiiiual  of  Exporinittital  Mt'ilicine.  vol.  iii..  p.  611.  1S98. 
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lar  to  those  in  the  nodules  of  the  ititestiues,  and  itre  nsnally  affected  in 
a  degree  correspoudiDg  to  the  intensity  of  the  intestinal  lesion. 

The  nodes  are  at  first  congested  and  succulent ;  then  there  is  a  pro- 
duction of  lymphoid  cells  and  large  cells  as  in  the  intestinal  nodules,  and 
the  uode  becomes  enlarged.  When  the  enlargement  has  reached  its  full 
extent,  congestion  diminishes,  and  the  cells  begin  to  degenerate.  The 
degeneration  may  take  place  slowly,  and  then  the  node  gradually  re- 
turns to  its  normal  condition;  or  more  rapidly,  and  then  little  foci  of 
necrotic,  purulent  material  are foi-med.  If  the  patient  recover  the  small 
foci  are  absorbed,  lesiving  a  fibrous  cicatrix ;  the  lai^r  foci  may  l>ecome 
drj-,  necrotic,  and  enclosed  in  a  fibrous  capsule.  Intense  exudative  in- 
flammatiou  may  occur  in  the  nodes,  which  may  be  densely  infiltrated 
with  serum,  fibrin,  and  pus. 

The  Spleen. — In  nearly  every  case  of  typhoid  fever  the  spleen  is  en- 
larged. This  enlargement  begins,  as  a  rule,  soon  after  the  commence- 
ment of  the  disease,  inci-eases  rapidly  nntil  the  third  week,  remains 
stationary  for  a  few  days,  and  then  diminishes.  The  organ  is  congested, 
of  dark-red  color,  and  of  finn  consistence  while  it  is  increasing  in  size. 
After  it  has  reached  its  maximum  size,  its  consistence  becomes  soft,  and 
there  is  a  considerable  deposit  of  brown  pigment.  The  enlargement  ap- 
l>eai-s  to  be  due  to  congestion  and  hyperplasia. 

Malloi-y  describes  proliferation  of  endothelial  cells,  especially  in  the 
blood-vessels  and  pulp  spaces,  and  the  formation  of  venous  thrombi. 

In  rare  eases  the  softened  spleen  ruptures,  witli  an  extravasation  of 
blood  into  the  peritoneal  cavity.  There  may  be  infarctions  of  the  spleen, 
which  sometimes  soften  and  may  apparently  lead  to  peritonitis. 

The  Liver. — The  liver  may  present  no  apparent  lesion.     It  is,  how- 
e\'er,  frequently  large,  pale,  and  flabby,  and  in  this  condition  the  liver 
cells  may  be  the  seat  of  simple  al- 
buminoas  degeneration. 

Less  frequently  there  ai-e  present 
in  the  liver  veiy  small,  soft,  gray- 
ish nodules  (Fig.  113).  These  focal 
lesions  are  sometimes  too  small  to 
be  distinguished  by  the  naked  eye. 
They  may  be  situated  about  the 
branches  of  the  portal  vein  or  within 
the  lobule.  Some  of  these  nodules 
consist  of  masses  of  small  spheroidal 

cells,  which  may  form  a  diffuse  in-  rro.  ii3.-FociL  arra  of  endothilul-celi, 
filtration  along  the  small  veins.  ^"','™'™-"'  '*"'  ""  ^""'^  '"  '^^''"'"'' 
Mallory   distinguishes   two  distinct 

varieties  of  these  focal  lesions  i  one  formed  in  the  lymph  spaces  and 
vessels  in  the  capsule  of  Glis.son  by  a  proliferation  of  the  endothelium 
(Fig.  114) ;  the  other  due  to  obstruction  of  liver  capillaries,  in  part  by 
the  proliferation  of  endothelium  on  the  spot,  in  part  by  emboli  of 
endothelial  cell  origin,  which  are  derived  through  the  portal  circulation 
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from  the  vessels  of  the  spleen  and  iDtestiiie.     Necrotic  changes  may 
develop  in  and  about  these  focjil  cell  iu^cumnlations. 

Biniple  focal  necroses  of  the  liver  and  of  other  viscera,  due  to  the 
action  of  toxic  Bubstances  in  the  body  fluids,  may  occar  in  typhoid  fever 
OS  iu  many  other  infectious  diseases.' 


rid.  114.-HvpBnPl.>siA  OP  EsnoThifMiM  :n  tfik  Luer  is  Tvphdid  Fevkr, 
Tills  rut  aluiiTs  a  mure  blglily  mwDineil  ponlDD  ol  the  Fwal  lesion  In  FIr.  108, 

While  small  foci  of  cell  proliferation  may  be  present  in  the  kidne;/i 
as  well  as  other  viscera,  their  occurrence  is  neither  so  frequent  nor  so 
characteristic  as  in  the  liver. 

In  typhoid  fever  as  iu  other  infect  ious  diseases  foxteniia  maybe  mani- 
fested by  disturbance  in  the  circulatory,  respiratorj',  and  heatr^ulating 
mechanism,  and  in  general  metabolism  as  well  as  by  manifest  lesions, 
such  a8  albuminous  or  ether  degeneration  of  parenchyma  celts  through- 
out the  body,  and  alterations  leading  to  leucocytosis. 

Secosdaby  Lehions. 

In  addition  to  the  more  characteristic  lesions  of  typhoid  fever  which 
we  have  described,  there  are  several  of  secondaiy  orcomplicatiug  nature. 
These  are  of  BufBciently  frequent  occurrence  in  the  disease  to  require 
brief  uieiitiou.  They  are  in  part  due  to  the  direct  action  of  the  typhoid 
bacillus  or  its  soluble  poisons;  in  part,  however,  are  bix>ught  about  by 
secondary  bacterial  infectious;  but  between  these  it  is  often,  with  our 
present  knowledge,  impossible  to  distinguish  • 

The  Digestive  Organs. — Iu  tlie  intfutme  there  may  be  gangrene,  some- 
times involving    the   tissues  about   the  ulcei-s,   sometimes  apart  from 

'  For  fuller  details  of  studii'S  on  thesfi  focal  Ipsions  in  t\  phoiii  and  other  infeclimia 
diseases,  consult  Mnllorg.  Ii-e,  eit.  litetl.  Jolius  Hopkins  llobpitul  Kepuits.  vul.  v..  lci9-l. 
Ftexner,  ibitf..  vol.  vi.,  p.  458.  1897. 

'  For  biMingrapliv  of  the  extm-iiitcstinal  lesions  indncccl  Iiv  the  tvpLoul  bacillus 
see  fliwertct/,  I'liilaUi'lphia  Monthly  Jled.  Jour     \oJ   i     .No   7   p,  4U3,  Ht«0. 
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these.  There  may  be  croupous  iutlaiuination  of  the  intestiiial  i 
membrane  of  either  the  large  or  small  intestine.  A  slight  peritouitis 
sometimes  aceorapauies  the  intestinal  lesion.  Se^■ere  i>eritonitis  in 
usually  due  to  pertonitiou,  less  frequently  to  ulcers  which  reach  the  sei-ous 
coat,  bat  do  uot  perforate.  When  there  is  infiltration  of  the  serous  coat 
with  the  new  cell  growth,  described  above,  peritonitis  may  be  asso- 
ciated with  a  production  of  little  gray  nodules  of  the  same  character 
throughout  the  peritoneum.  Infarctions  of  the  spleen,  inflammation  of 
the  ovaries,  and  i>erforation  of  the  gallbladder  are  sometimes  the  iueit- 
iug  factors  in  peritonitis. 

Hiemorrhage  from  the  intestines  may  be  slight  and  due  to  the  inflam- 
matory swelling  and  congestion  of  the  mncons  membrane ;  or  it  may  be 
due  to  the  ulceration  of  the  follicles  and  opening  of  the  blood-vessels, 
and  is  then  often  profuse. 

There  may  be  hyperplasia  of  the  tonsils  and  of  the  lymphoid  tissue  at 
the  base  of  the  tongue.  Gangrenous  ulcers  of  the  aides  and  floor  of  the 
mouth  may  be  present.  Catarrhal  and  croupous  inflammation  of  the 
pharynx  may  be  associated  with  superflcial  or  deep  ulceration.  Inflam- 
mation of  the  parotid  leading  to  suppuration  is  not  infrequent.  The  sub- 
maxilfary  gland  may  be  similarly  afl'ected.  Enlargement  and  induration 
of  the  salivary  glands  and  of  the  pancreas  in  typhoid  fever  have  been  de- 
scribed and  are  believed  to  be  due  to  hyperplasia  of  the  gland  cells  with 
accumulation  of  their  secretion.     This  may  be  followed  by  degeneration. 

The  CiroiUatOTy  Organs. — The  heart  in  many  cases  is  the  seat  of  albu- 
minous, fatty,  or  hyalin  degeneration,  or  of  pigmentation.  Myocarditis, 
endocarditis,  and  pericarditis  are  of  oci^isional  occurrence.  Thrombi 
may  form  upon  the  valves  or  in  the  heart  cavities,  and  detached  frag- 
meuts  of  these  may  be  lodged  as  emboli  in  various  parts  of  the  body. 
The  arteries  may  be  the  seat  of  acute  inflammation.  If  this  involve  the 
intima,  an  occluding  thrombus  may  be  formed  which  may  lead  to  gan- 
grene of  the  part  supplied  by  the  vessel.  Thrombosis  of  the  veins  is 
common,  and  especially  frequent  in  the  femoral  vein  late  in  the  disease. 

The  Bespiratory  Oi^ans. — The  Larynx  is  frequently  the  seat  of  catarrhal 
inflammation,  with  or  without  superflcial  erosions.  Less  frequently  there 
is  croupous  iuflammation,  followed  in  some  cases  by  destructive  ulcer- 
ation ;  oedema  of  the  glottis  occasionally  occurs. 

The  Langs. — Catarrhal  inflammation  of  the  lai^e  bronchi  is  very  com- 
mon. Broncho-pueuniouia  occurs  in  two  forms.  There  may  be  a  severe 
inflammation  of  most  of  the  bronchi  of  both  lungs,  with  cellular  infiltra- 
tion of  the  walls  of  the  bronchi  and  zones  of  peribrouchitic  pneumonia; 
or  there  is  an  intense  general  bronchitis,  with  lobules  of  the  lung  corre- 
sponding to  obstructed  bronchi,  either  collapsed  or  inflamed,  or  both. 

From  the  loug-continned  recumbent  position  of  the  patients,  the  pos- 
terior portions  of  the  lungs  become  congested,  dense,  and  unaerated. 
Sometimes,  in  addition  to  this,  irregular  portions  of  the  lungs  become 
hepatized.  Less  frequently  there  is  acute  lobar  pneumonia.  Infarctions 
are  not  uncommon,  and  giingi-eue  occasionally  occurs,  either  associated 
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with  lobular  pneumonia  or  Ti-itli  infarctions,  or  as  an  indepeudeut  condi- 
tion.    Fibrinous  pleurisy  and  empyema  are  nob  infrequent. 

The  Oenito-Vrinary  Org&ni. — The  Hdneys  are  occasionally  the  seat  of 
an  acute  inflammation.  Cartarrhal  and  croupous  and  nodular  inflam 
mation  of  the  bladder  may  occur.  Haemorrhage  and  gangrenous  inflam- 
mation in  the  oporrVa  have  been  recorded;  the  uterus  may  be  involved.' 
Orchitis  and  epididymiiig  may  deielop  during  convalescence.' 

The  Kerrona  System. — In  addition  to  chromatolytic  changes  in  the  gau- 
glion  cells  which  are  common  to  many  infections  diseases, '  there  may  be 
thrombosis  of  the  venous  sinuses  and  obliterating  endarteritis.  Acute 
meningitis  is  rare.*  Degeneration  and  inflammation  of  the  peripheral 
nerves  may  occur. 

SnppnratiTe  Inflanunation  may  occur  in  almost  any  part  of  the  body 
in  typhoid  fever.  This  may  be  in  the  form  of  boils  or  of  deep  abscefwcs. 
Postpharyngeal  suppuration  is  often  one  of  the  moat  serious  of  these 
complications.     Poat-typhoid  bone  lesious  are  often  important,' 


SEPTICiEMIC  FOEMS  OF  TYPHOID    FEVEB    WITffOUT    CHAEACTEEISTIC 

Local  Lesioss. 

Typhoid  fever  may  occur  without  the  characteristic  intestinal  and 
associated  lesions.  In  this  septiciemic  type  of  the  disease  there  may  be 
no  demonstrable  lesions  other  than  those  which  are  due  to  the  tosie- 
mia.'  On  the  other  hand,  inflammatory  processes  in  the  viscera — lungs, 
kidney,  spleen,  etc. — may  be  dependent  on  the  presence  of  the  typhoid 
bacillus.  The  lesions  in  such  cases  are  not.  so  far  as  we  yet  know,  char- 
acteristic, and  the  post-mortem  diagnosis  depends  largely  upon  the  iden- 
tification of  the  bacillus.' 


'  Lartigau,  New  York  Med.  Journal,  June  16th,  1900,  Ijibliograpliy. 

'See  Kinnicutt.  Trans.  Asaii.  Ainer.  PLys.,  vol.  xvi..  p.  145. 

'  For  a  study  of  Kanglion  cells  ia  cases  of  tvpboid  fever  see  Xieholt.  Jour,  of  Exp. 
Meii.,  vol.  iv.,  p.  189,  1809.  liibliograpliy.  See  also  Ewitig,  "Studies  on  Ganglion 
Cells."  Archives  of  Neurology  and  Psyehopsthology,  vol.  i.,  p.  263.  1888. 

*For  bibliography  of  typhoid  meningitis  see  SVentitorlh.  Trans.  Amer.  Pediatric 
Soe..  vol.  xi.,  p.  145,  '899. 

'  Partona,  Johns  Hopkins  Hospital  Reports,  vol,  v.,  p.  417.  1895. 

•Consult  in  this  connection  for  cases  and  bibliography.  Chiari.  Zeitsclirift  f.  Ileil- 
Kundo.  1897;  I/irtigan,  Kew  York  Med.  Journal,  vol.  Ixs,,  p.  158.  1899:  also  Johns 
Hopkins  Hospital  Bulletin,  April.  1899;  Ojihuli,  N.  Y.  Med.  Jour..  May  IBth,  1900. 

'  For  summary  of  studies  on  the  typhoid  bacillus  and  typhoid  fever,  with  bibliog 
raphy.  consult  Dunbnr.  "  Ergebnisse  der  allg,  Aetiologic  det'  JleuBCheii-  u.  Tbierkrank- 
hdten."  Jabgr.  I.,  Abth.  1,  p.  605.  1896, 
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disteibution  of  the  typhoid  bacillus  in  the  body  in  typhoid 
Fever. 

In  the  early  stages  of  the  disease  the  bacillua  may  be  fouud  in  the 
lymphatic  structures  of  the  intestines  ami  in  the  mesenteric  lymph-nodes 
and  Hie  spleen.  It  may  be  present  iu 
lesions  involving  the  bone  marrow,  kid- 
ney, liver,  lungs,  pleura,  uterus,  testicle, 
and  skin,'  as  well  as  in  the  blood.' 
Typhoid  bacilli  have  been  repeatedly 
found  in  the  uriue  and  in  the  bile,  and 
may  persist  here  long  after  the  establish- 
ment of  convalescence.'  They  may  be 
found,  though  not  in  such  abundance  as 
was  formerly  assumed,  in  the  intestinal 
contents  after  the  disease  has  become  well 
established.  Their  abundance  here  ap- 
peal's to  depend  somewhat  upon  the  de- 

Fia.     116.-  Cl.USTKR     Of      TVPHOTD     Bi-  r    ■      L     \-  t         1  .-  T        .1. 

ciLLi  IN  TDK  Spleen.  gt**  Of  intestinal  Ulceration.     In  the  vis- 

cera they  are  apt  to  occur  iji  larger  and 
smaller  masses  or  clusters  (see  Fig.  115).  The  typhoid  baeillns  may 
be  transmitted  through  the  placenta  to  the  foetus.' 

Typhoid  bacilli  may  be  present  alone  or  in  association  with  other 
germs  in  the  foci  of  suppuration  which  so  frequently  complicate  typhoid 
fever,  also  in  the  exudate  in  inflammations  of  the  serons  membranes  and 
in  the  endocardial  vegetations.* 

Some  of  the  Inflammatory  complications  which  occur  in  typhoid  fever 
are  due  to  the  growth  of  the  t>acillus  in  unusual  places  in  the  body ;  but 
many  of  them  are  due  to  a  secondary  infection  with  other  geiTis,  notably 
with  the  pyogenic  cocci,'  also  with  the  colon  baeillus  and  the  pueumo- 


MoDES  OF  Infection  with  the  Typhoid  Bacillus. 

Infection  with  the  typhoid  bacillus  seems  usually  to  occur  through 
the  gastro- intestinal  canal.  In  a  large  proportion  of  cases  the  bacilli 
are  conveyed  by  means  of  food,  and  especially  of  milk  and  drinkiug- 

'8ce  Pratt.  Jour,  Boston  8oc.  Med.  Sciences,  vol.  HI.,  p.  170,  1899. 

'See  Auetixieh,  IJeulsche  nied.  Wochenacbr.,  December  6tli,  1900,  bibliograpby; 
also  I/eieUtt,  N.  Y.  Med.  Kee.,  vol.  U..  1901,  p.  84B. 

'Giei/n,  Jolins  Hopkins  Hosp.  Bull,,  vol  \.,  p.  109,  1899;  also  Cfirtehmann,  ou 
typhoid  cyatitia,  MODchcticr  med.  Wocbenschr..  October  Ifltii,  1900. 

Mlef.  Lnrtigaa.  New  York  Med.  Jour,  June  16tli.  1900. 

*8ee  FUiner,  Joumttl  of  Palbology  aud  Bacteriology,  vol.  iii,  p.  302,  1895,  atd 
Johns  Hopkins  Hospital  Reports,  vol.  v..  p.  343:  also  Mace,  "Traitedc  Bact^riologle," 
1901. 

•For  full  coDsidcration  of  the  pyogenic  powers  of  the  typhoid  badihia,  consult 
Dmoc/onBtki  and  Jatwirsti,  Ziegler's  Beitr.  z.^tb.  Annt..  etc.,  Bd.  xvri.,  p.  221.  189-5. 

"•Keen.  "The  Surgical  Complications  of  Typhoid  Fever,"  1898.  Hare,  "The  Medi 
Cftl  Complications  of  Typliold  Fever,"  I89D. 
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water,  which  have  been  polluted  with  tlie  excrotioiis — fteees  and  urine — 
of  t>ersons  suffering  from  the  disease.  Many  serious  epidemics  of  typhoid 
fever  have  been  traced  to  pollutions  of  milk  and  drinking-water  from 
antib  sources,' 

Oysters  which  ha*c  been  taken  from  grossly  ])oIluled  waters,  as  near 
sewer  openings,  have  been  the  means  of  conveying  the  germs.'  Tlicre 
is  abundant  evidence  that  flies  convey  the  infectious  material  from  undiii- 
iufected  discharges.' 

In  milk  the  typhoid  bacillus  not  only  remains  alive  for  long  periods, 
but  undei^oes  active  multiplication.  It  may  remain  long  alive  in  water 
aud  even  for  a  time  multiply.  In  the  soil  and  when  dried  it  may  remain 
alive  for  months.  Frozen  in  ice  it  has  beeu  found  alive  after  more  than 
three  mouths.     It  is  readily  killed  by  exposure  to  strong  sunlight. 

PrerentiTe  Inoculations. 

Preveative  luoculatious  Imve  hmn  pmctised  on  a  krgc  sciile  in  man  by  llic  iiictLod 
cf  HulTkiDe  with  appaivnlly  ravDrat)le  results.  In  tlJis  mctljod  cultures  of  ihu  bacillus 
arc  killed  bj  beat  and  fixe  euiulsion  is  in  j<.>cU.'d  subcutaucoualy. 

Agglutination. 

We  have  seen  in  an  earlier  secliua  of  litis  book  (p.  190)  that  in  the  adaptation  of  a 
living  body  to  ccrtiiiti  alit'ti  orgauic  sub3tanc<«.  among  whicli  are  bacteria  and  ilicir 
toxins,  tJie  scrum  of  tLc  adupted— or  in  the  ease  of  micro-organisms,  of  tlie  irr.^nuni/.eil 
— individual  may  contain  substances  whicb  are  agglutiuative  for  the  particular  species 
of  micro-organism  invalv»l.  By  tbc  use  of  this  pheoomcnou  of  agglutination,  a  method 
of  clinical  [liagnosia  of  considerable  value  has  t)eeD  devised  and  much  employed  espe- 
cially in  lyplioid  fever. 

The  nature  of  this  agglutination,  whioh  may  occur  ivith  dead  bacilli  also.  Is  not 
yet  understood,  nor  Is  the  reaction  altogether  limited  to  the  bacterial  species  which  in- 
duces the  tolerance.  Furthermore,  it  appears  that  agglutination  may  be  induced  liy 
various  organic  and  inorganic  chemical  sub.stanees. 

Agglutination  bus  been  used  as  a  means  of  diagnosis  in  other  infectious  diseases. 
It  lias  been  found  useful  also  In  the  idenlitlcatiouof  species  in  various  forms  of  bacteria.* 

The  Typhoid  and  Colon  Bacillus. 

Much  dilDculty  has  txen  encountered  In  distinguishing  between  tbo  typhoid  ba- 
cillus and  various  forms  of  the  colon  bacillus  when  they  occur  together,  os  may  be  tlic 
CHSe  In  contaminated  water  or  in  the  dejecta  of  persons  suffering  from  typhoid  fever. 
As  a  result  of  this  di-Uculty  a  very  close  relationship  has  been  assumed  between  typhoid 

'Freemnn.  New  York  Medical  Record,  March  28tb.  1896,  bibliography;  also 
Vaiig!u:n.  Jour.  Aiuer  Med.  Assn.,  April  19th.  1903.  p.  979. 

•Freeiimn,  Albany  Miil.  Annals,  vol.  xvlii,,  1897.  bibliograpby :  Mosny.  Hevue 
d'Hygifne.  t.  XKii..  pp.  13,  102,  198,  1900;  llei-dman  and  ifojt*.  Thompson  Yates  Labo- 
ratory Heport,  vol.  II..  supplement,  1898. 

'  See  reference,  p.  168 ;  also  report  on  typhoid  fever  In  U.  8.  Military  Camps  during 
Spanish  War  of  189^,  by  Ktrd,  Vaiiffhan.  and  Sliaketpeaitt,  1900;  also  experimental 
study  by  Fiekei;  Arch.  f.  Hygiene,  Bd.  xlvi..  1908,  p.  274. 

'For  further  details  of  agglutination  we  n'fer  to  the  special  bibliography  on  tlie 
subject,  which  may  be  found  In  Mace's  "  Bacteriologie."  IBOl.  and  to  works  ou  tliuieal 
pathology,  and  for  a  conipreheusivo  hibliograpiiy  to  KOhter,  Klinischcs  Jalirbuch,  Bd. 
vili..  1901,  p.  85. 
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and  colon  bacilli.  Tliis  asaumptioa  is  not  wliolly  justified  by  the  facta,  since  many  of 
tbt  biological  as  well  as  some  of  the  morpliotogical  cUaracteis  of  the  two  are  quite  dis- 
Bimilar. 

The  difficulty  in  dislinctiOD  is  largely  limited  to  the  lilentiflcation  of  colonies  on  the 
common  media  usually  employed  in  the  gelatin  and  agar  plates.  Hiss  has  shown  how 
by  a  alight  modification  of  the  common  methods  the  growth  of  each  form  ia  quite  char- 
acteristic, BO  much  so  that  pure  cultures  may  be  made  from  tbc  first  mixed  plates  with- 
out difllculty.'  When  once  the  two  forms  are  separated,  distinguisiiiug  characters  are 
leodity  demoustrable.' 

Hetliods  of  Staining  the  Tjrphoid  Bacillus. 

The  bacilli  from  artiBcial  cultures  sl&ia  readily  with  the  ordinary  anilin  dyes,  such 
as  fucbsin  and  methylene  blue.  In  aectiona,  however,  they  do  not  stain  so  readily. 
They  are  decolorized  by  Gram.  They  may  Iw  stained  by  Ziehl'a  tolntian  (see  p.  338). 
Stain  for  halt  an  hour,  decolorize  in  alcohol,  clear  in  oil  of  cedar,  mount  in  balsam. 
The  decolorization  in  alcohol  should  be  carefully  done  to  avoid  the  removal  of  too 
much  color.  Flexner  recommends  the  staining  la  Ld^er't  methylene  blue  totution  for 
two  hours;  then  put  in  acetic  acid  solution  1:1,000  for  several  minutes:  dehydrate  In 
absolute  alcohol:  clear  and  differentiate  in  oil  of  cloves;  mount  in  balsam.  The  aim  In 
both  of  these  methods  is  to  leave  the  nuclei  faintly  colored,  but  not  so  much  so  as  to 
conceal  the  clusters  of  more  deeply  stained  bacilli. 

Bibliograpliy  of  TTphoid. — For  a  r6sum6  of  the  studies  on  the  typhoid  baclllua 
and  Its  relationship  to  this  disease  see  Neufeld.  Kolle  and  Wassermann's  "  Handbucb  der 
Miltroorganismen,"  Bd.  ii.,  p.  304.  For  studies  on  various  phases  of  typhoid  infection 
see  Johns  Hopkins  Hospital  Keporta,  vol.  viii.,  1900. 

ParatTphoid. 

Recently  a  group  of  cases  of  continued  fever  has  been  recognized  which  give  the 
general  clinical  picture  of  typhoid  fever,  but  in  which  the  serum  does  not  agglutinate 
the  typhoid  bacillus,  and  cultures  reveal  a  bacillus  in  some  respects  resembling  but  not 
identical  with  the  typhoid  liacillus,  and  apparently  intermediate  between  this  and  the 
B.  coli  communis.  This  bacillus  has  been  called  the  paratyphoid  bacillus,  and  it  is 
agglutinated  by  the  serum  of  the  cases  in  which  it  occurs.  The  intestinal  and  other 
lesions  of  tliia  diaease,  which  is  called  paratyphoid,  ao  far  as  tbey  are  known,  are  not 
thoae  characteristic  of  typhoid  fever,'  The  limitations  of  thLi  book  do  not  permit  us  to 
enter  into  detail  into  the  subject  of  paratyphoid  and  its  bacillus,  in  which  considerable 
uncertainty  still  prevails.*  Regarding  the  value  and  significance  of  the  agglutination 
test  the  reader  should  consult  works  on  clinical  diagnosis. 

ASIATIC  CHOLXBA. 

Asiatic  cholera  is  a  disease  iucited  by  the  growth  and  proliferation  in 
the  iutestines  of  a  slightly  cun'ed  or  spiral-shaped  t)acterimn,  which  is 
called  the  cholera  spirillum — SpiriUum  cholera:  AaUiticce  (Vibrio  cholerte 
Asiaticte).  This  organism  in  the  early  and  active  stages  of  the  disease 
may  be  present  in  enormous  numbers  in  the  contents  of  the  small  intes- 
tine, often  penetrating  th6  mucosa.  It  is  usually  confined  to  this  situ- 
ation. Its  deleterious  effects  upon  the  body  appear  to  be  largely  due  to 
the  production  of  toxic  substances,  which  in  addition  to  serious  intestinal 


study  of  ae^lutiaative  reactions  of  the 
ana  nayier.  Zeit-sch.  f.  ifj-K.  w.  Intkr..  vol,  xliil,.  190ij, 
'See  WtlU  and  Scott.  Jour,  of  Infec.  Dia.,  vol.  i.,  1 
*  For  a  resume  of  this  subject,  with  bibliography. 
Research,  vol.  viii.,  1»03.  p.  168. 
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irritation  or  lesioii  may  on  absorption  inoite  those  systemic  disturbauces 
which  characterize  profouud  toxiemia. 

Lesions  of  Asiatic  Cholera, 

In  some  cases  of  cholera  there  are  no  marked  changes  to  be  found 
after  death,  and  in  no  case  are  the  lesions  distinctive  of  this  disease. 

If  denth  occur  during  the  invasion  of  ^the  disease  or  in  the  stage  of 
collapse,  the  appearances  is  the  more  marked  cases  may  be  summarized 
as  follows : 

The  tKMlies  may  remain  warm  for  some  time,  and  the  temperatnre 
may  rise  for  a  short  time  after  death.  The  rigor  mortis  usually  begins 
early  and  lasts  for  an  exceptionally  long  time.  The  muscles  sometimes 
exhibit  a  peculiar  spasmodic  twitching  before  the  rigor  mortis  sets  in, 
especially  the  muscles  of  the  hand  and  arm. 

The  Skin  is  of  a  dusky  gray  color;  the  lips,  eyelids,  fingers,  and  toes 
are  of  a  livid  purple.  The  ends  of  the  fingers  are  shrivelled,  and  the 
cheeks  and  eyes  sunken. 

The  Brain. — The  sinuses  of  the  dura  mater  are  filled  with  dark,  thick 
ttlood.  The  pia  mater  may  be  normal,  or  cedemateus,  or  ecchymotic, 
or  infiltrated  with  fibrin.  The  brain  is  usually  noi-mal,  hut  may  be  dry 
and  firmer  than  usual. 

The  Lnngs  are  retracted  and  aniemic,  the  pleura  may  be  dry  or  coated 
with  fibrin.  The  Heart  is  normal.  The  Peritoneom  may  be  dry  or  coated 
with  a  layer  of  fibrin. 

The  Stomach  is  usually  unchanged,  but  may  be  the  seat  of  catarrhal 
inflammation.  The  Small  Inteitine. — There  may  be  ecchymoses  in  the 
mucous  membrane ;  the  mucous  membrane  may  be  soft  and  cedematoiis ; 
there  may  be  general  congestion,  or  the  congestion  may  be  confined  to 
the  peripheries  of  the  solitary  and  agmiuated  nodules,  and  these  nodules 
may  be  swollen ;  or  there  may  be  croupous  inflammation  and  superficial 
necrosis.  All  these  changes  are  usually  most  marked  at  the  lower  end 
of  the  small  infestiue.  There  is  apt  to  be  post-mortem  desquamation  of 
the  epithelium.  The  characteristic  rice-water  fluid  may  be  found  in  the 
intestines  after  death,  or  instead  of  this  dark -colored,  bloody  fluid.  Th« 
Large  Intestine  is  usually  normal,  hut  in  some  epidemics  croupous  inflam- 
mation occurs  in  a  considerable  number  of  cases. 

The  Spleen  may  be  soft.  The  Liver  may  show  small  areas  of  granular 
or  fatty  or  liyaliu  degeneration. 

The  Eidneyi  are  often  increased  in  size,  with  white  and  thickened  cor- 
tex and  congested  pyramids.  The  epithelium  of  the  cortical  tubes  may 
contain  coarse  granules  and  fat  globules,  or  be  necrotic.  The  tubes 
may  contain  casts  and  disintegrated  epithelium.  The  Utenu  and  Ovaries 
may  be  congested  and  contain  extravasated  blood. 

If  the  patient  do  not  die  until  the  stage  of  reaction,  the  body  does  not 
present  the  same  collapsed  appearance,  and  there  are  often  inflammatory 
changes  indifferent  parts  of  the  body,  especially  in  the  larynx,  the  lungs, 
the  stomach,  and  the  intestines. 


,yGoogIc 


THE   INFECTIOUS  DISEASES. 


Characters  of  the  Cholera  Spirillum. 

The  cholem  apirillutn.  wliicli  was  discovered  by  Koch  in  1883,  is  a  curved  rod  with 
rounded  ends  from.  0.8  to  2.0  p  long,  asporogeuoua,  aerobic,  nud  motile.    When  growing 
under  suitable  couditions  lliese  rxxis  are  apt  to  cling  together  by  their  ends,  formiug  S- 
sliaped  structures  or  spiril  a,  often  of  considerable  length  (Fig.  116.)    Tlie  organism  stains 
readily  and  grows  abundantly  on  the  ordinary  culture  media.    Tlie  life  period  ia  short 
and  various  degenerative  "involution"  forms  arc  apt  to  be  present  in  old  cultures.     It 
grows  best  at  about  btood  heat;   growth  ceases  at  about  16°  C,  but  may  survive  a  re- 
duction of  the  temperature  to  —  10^  C.     It  is  quickly  killed 
by  drying  or  by  the  temperature  of  boiling  water.    Acids 
arc  inimical  to  its  growtli.    It  may  retain  its  vitality  for 
t        a  considerable  time  in  water.     On  moist  surfaces,  such  as 
*      damp  linen  earth   vegetables  or  in  milk   it  may  rapidlv 
proliferate 

The  results  of  animal  expcnmcnts  nith  tlie  cholera 

germ  arc  not   m   themselves   decisive  in  determining  its 

FiG.lI8.-9P«^u.c»CHOLRR*      relationship  to  this  disease   sinie  animals  do  not  n act  in 

its  pre<»nce  as  man  does     Ho^iciLr  the  conslunt  (xiiir 

From  ■  culture.  rence  of  this  organism  in  \9iatic  cholera  its  abwnce  fnim 

the  bodj  undtr  other  couditious  and  the  accidental  labo 

ratory  infections  which  have  several  times  occurred  in  men  handling  pure  cultures  of 

the  germ,  leave  no  doubt  as  to  its  significance  as  the  excitant  of  tliis  disease. 

The  infectious  organism  is  usually  conveyed  from  one  person  to  another  by  the 
pollution  <if  food  or  drink  with  the  discharges  which  contain  the  virulent  germs. 

It  is  ofteu  of  the  highesi  importance  lo  determine,  at  the  earliest  possible  moment. 
whether  or  not  a  suspected  cose  be  one  of  Asiatic  cholera  or  some  oilier  form  of  acute 
intestinal  disorder,  so  that  In  the  former  case  the  proper  measures  may  be  instituted  to 
prevent  the  spread  of  the  disease.  The  characters  wliich  are  developed  in  cultures  of 
tlie  cholera  bacillus  enable  an  expert  bacteriologist  to  distinguish  tills  organism  from 
all  other  known  forms.  But  the  scope  of  this  work  does  not  permit  a  detailed  descrip- 
tion of  the  cultural  peculiarities  of  the  germ.  Nor  should  the  responsibility  of  such  de- 
terminations be  assumed  without  adci|uaEc  preliminary  laboratory  experience.  By 
taking  together  the  morphological  and  biological  cliaracters,  it  is  possible,  usually  on  the 
second  or  third  day,  to  determine  whether  the  intcatinal  contents  of  a  suspected  case  do 
or  do  not  contain  the  bacillus  of  Asiatic  cholera.' 

PreventiTs  Inoculatioii,  Antitoxic  Cholera  Serum  and  ita  Lyeoganic  Action. 

A  large  amount  of  work  has  been  done,  looking  toward  artificial  immunization  of 
man  against  Asiatic  cholera  in  the  East  and  preventive  inoculation  practised  by  the 
metliofl  of  HafFktnc  appears  to  have  given  encouraging  results.  This  methotl  consists 
in  the  subcutaneous  injection  of  cultures  of  the  cholera  bacillus:  first,  those  whose  viru- 
lence has  been  diminlslied.  and  then,  those  in  wliicli  the  virulence  has  been  exalted  by 
artificial  means. 

Pfeiffer  has  shown  that  the  spirillum  of  Asiatic  cholera,  put  into  the  peritoneal 
cavity  of  an  artificially  immunized  guinea-pig,  is  (quickly  immobilized,  swells,  and  be- 
comes granular  and  soon  disappears.  A  similar  effect  can  be  secured  in  tubes  by  a 
mixture  of  the  antitoxic  scrum  and  fresh  serum  to  which  the  spirilla  arc  added.  This 
lytic  effect  of  the  antitoxic  serum  upon  the  bacteria  lias  been  proposed  as  a  test,  on  the 
oue  hand,  of  the  specific  character  of  a  suspected  spirillum ;  and,  on  the  other,  with  a 
'definitely  known  spirillum  to  employ  the  lytic  action  of  the  serum  in  a  suspected  cn.se 
of  disease  as  a  diagnostic  test 

'  For  summary  of  character:. 
K<^le.  in  Eollcand  Wassertnann's 
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Tliis  bnrti'i-iolvtic  nctiim  of  spccitlc  si-rn  is  ant  i>cculiar  to  the Ro-callcil  anti-choltri 
serum,  but  lias  bi'cn  nbwrvi'd  in  tilbi-t  cases — tor  I'Xaiiiple.  io  typliold  scrum  with  tlio 
typlioid  badlliis.  Its  Dature  and  its  bearing  ou  immiiuity  Lave  been  cousiilcreii  in  an 
earlier  section  of  Uiis  book  (see  p.  181). 

Other  Spirilla  BMemblin^  the  Cholera  Spirillum. 

Tliere  are  several  fairly  distinct  fiimia  of  spirilla,  some  of  wbidi  appear  lo  hi-  re- 
lated to  the  cholera  organism,  wliicb  have  been  occasionally  found  in  various  situations. 
One  of  tlifse  is  the  soralled  Vibrio  proiena  or  spirillum  of  Finkler  and  Prior.  Tliis 
organism  was  found  by  these  observers  in  tiie  dejecta  of  persons  sufferiug  from  cholera 
nostras,  shortly  afler  the  disoovery  by  Kocli  of  llie  cholera  spirillum,  which  at  first  it 
was  thought  I'losely  to  resemble.  The  cultural  cbaraclerR.  tiowcvcr.  abundantly  suHlce 
h)  difTereniiate  the  organisms.  The  Vibrio  proteus  is  slightly  pathogenic  for  certain 
lower  anintals,  but  not  for  man. 

Several  forms  of  spirilla  of  somewhat  similar  general  characters  have  been  found  in 
various  situatioDs:  thus  in  cheese,  by  Denecke,  H.  tyrogtnum;  in  a  eliieken  epidemic 
and  in  sewage,  by  Oamaleia  and  by  Pfuhl,  Vibrio  Xttteknikini ;  in  the  dejecta  during 
a  cholera  epidemic  at  Massawah.  Vibrio  Sfiitsattnh.  etc.  S^nrill'im  tfrutigtniim,  of  fre- 
quent occurrence  about  the  teeth  and  in  the  saliva  of  healthy  persons,  Is  not  pathogenic. 

TTTBEBCULDSIS. 

Tuberculosis  is  au  infectious  disease  characterized  by  iiiflammatorj- 
and  necrotic  processes  in  the  body  and  incited  by  the  presence  and 
growth  of  the  Eiicillus  tuberculosis  (tubercle  biieillus)-  The  mast  dis- 
tinctive morphological  feature  of  tuberculosis  is  the  development  under 
the  influeuce  of  the  tubercle  bacillus  of  lai^r  aiul  smaller  gray  or  white 
or  yellow,  firm  or  friable  nuisses  of  tissue  called  tubercles. 

The  effect  on  the  body  cells  of  the  presence  and  growth  of  the  tul)eicle 
t)acillus  varies  considenibly,  depending  upon  the  number  and  virulence 
of  the  germ.s  present,  the  character  of  the  tissue  in  which  tiiey  lodge,  and 
the  vulnerability  of  the  individual.  In  general,  it  may  be  said  that 
tubercle  bacilli  may  stimulate  the  connective -tissue  cells  in  their  vicinity 
to  proliferation;  or  they  may  excite  emigration  of  leucocytes  fromblooil- 
veasels  and  lead  to  the  production  of  otlier  exudates;  or  they  may  cause 
death  of  tissue.  Thus  the  phases  of  inflammation  which  are  excited  by 
the  tuljercle  biieillus  arc  protluclire,  exuflatire,  •Andwcrolic.  The  tuber- 
cle bacillus  may  incite  these  changes  separately  or  simultaneously,  in 
the  sequence  Just  indicated  or  in  some  other ;  and  now  one,  now  another 
of  thein  may  preponderate, 

MORPimi-OGY  OF  THE  Lia^ioxs  OF  TxTBERCri-OHIH. 
Tubcrculosi.s  manifests  itst.'lf  most  often  in  the  fonii  of  an  iuflamma- 
tiou  affecting  some  one  part  of  the  body,  as  the  lungs  and  bronchial 
lymph-nodes  fthe  parts  most  frequently  in^ohed  in  adults),  the  gastro- 
intestinal tract  or  the  skin — "toailizetl  fiihrroilonis."  In  a  considerable 
proportion  of  cases  the  local  lesions  induced  hy  the  tul)ercle  IkicIUhs 
are  in  the  form  of  circum.'<cril>e<l  nodules  or  nia.wi'S  of  new-formed  cells 
or  tissue  which  an'  called  tuherdcn,  or  if  small  niiUary  tubereies. ' 

e  from  (he  coincidence  in  size  between  small 
E  forms  of  millet  seed,  is  now  very  liberally 
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Such  a  localized  tuberculosis  may  retain  throughout  the  characters 
of  a  local  inflammation,  ur  it  may  be  accompanied  by  the  clinical 
evidences  of  systemic  infection.  It  may  give  rise  through  metastasis 
to  the  successive  development  of  tuberculous  inflammations  in  other 
parts  of  the  body,  or  to  a  sudden  development  of  small  foci  of  tubercu- 
lous inflammation  in  many  parts  of  the  body  at  the  same  time — general 
miliary  tuberculosis. 

A  general  iufection  may  occur  by  the  diffusion  through  the  body  of 
bacilli  derived  from  a  local  tuberculosis,  snch  as  tuberculous  phlebitis  or 
arteritis,  tnberculous  inflammatioti  of  the  thoracic  duct,  or  from  the 
breaking  into  a  vessel  of  a  tuberculous  lymph  node.  It  is  probably 
seldom  that  a  sufficient  number  of  tubercle  bacilli  enter  the  blood  chan- 
nels at  once  to  account  for  the  enormous  number  of  tubercles  which  are 
sometimes  found  in  acute  general  miliary  tuberculosis;  but  it  is  not  un- 
likely that  from  the  earliest  formed  tubercles  which  develop  in  the  walls 
of  the  smaller  blood-vessels  new  distributions  of  bacilli  may  speedilj- 
take  place. '  ^ 

In  many  cases;  however,  the  lesion  is  not  focal  or  circumscribed  but 
diffuse,  and  more  or  less  widely  infiltrates  or  replaces  the  tissues  In- 
volved.    This  is  called  diffuse  tubercidous  inflammation. 

Miliary  Tnberdes. — Miliary  tubercles  are  small  nodnles  of  irregular 
shapes  (Plates  IV.,  VI.,  and  VII,),  the  smallest  hardly  visible  to  the 
naked  eye.  The  smaller  tubercles  are  gray  and  translucent;  the  larger 
are  usually,  especially  in  the  central  parts,  opaque  and  white  or  yellow 
on  account  of  the  necrosis  which  is  apt  to  commence  here. 

In  studying  the  reaction  of  the  living  tissues  to  the  tubercle  bacillus 
it  should  be  always  borne  in  mind  that  while,  as  a  whole,  the  lesions 
produced  are  quite  characteristic,  there  is  still  no  one  structural  feature 
or  combination  of  features  of  tubercles  or  tuberculous  inflammation  which 
is  absolutely  distinctive  of  the  action  of  this  bacillus.  In  doubtful  cases 
the  demonstration  of  the  presence  of  the  germ  itself  may  be  necessary  for 
the  establishment  of  the  character  of  the  lesion.' 

The  experimental  studies  in  animals,  as  well  as  the  morphological 
data  gathei'ed  fram  the  examination  of  tuberculosis  in  man,  show  that 

applied  to  tiibtrcles  which  are  vety  much  Iftr^r  as  well  as  to  tUose  which  are  very 
much  snialli^r  than  millet  seeds.  It  is  convenient  to  desigDate  a  small  mass  of  new 
tissue  formed  under  the  influence  o(  the  tnbercle  bacillus,  whatever  Its  minute  Etnic- 
ture,  as  a  liiberrle  granuliim  (see  Fig.  112).  Very  frequently  two  or  more  tiiljercle 
grauula  are  Joined  together  by  a  more  diffuse  formation  of  tubercle  tissue  to  form  larger 
or  smaller  miliary  tubercles — coaglomerate  tiiberrles  (see  Fig,  118). 

'  It  is  well  in  the  endeavor  to  understand  the  occurrence  of  general  miliary  tuber- 
culosis or  of  the  less  striking  instances  of  distribution  of  the  bacilli  that  two  Varying 
factors  arc  conslAntly  active  and  signiBcant ;  flret,  the  virulence  of  the  bacilli,  which  may 
be  slight  or  extreme:  and,  second,  the  vulnerability  of  the  infected  individual— 1.«.,  his 
"  predisposition  " — whlcli  also  may  be  slight  or  extreme.  Thus  the  distribution  of 
bftciUi.  be  these  few  or  many,  from  an  infective  focus,  may  be  In  different  individuals 
or  at  diffei'ent  limes  iu  the  same  individual  of  quil«  different  signltlCBnce. 

For  a  critical  resume  of  the  etiology  and  mode  of  origin  of  miliary  tubercles,  with 
bibliograpliy,  see  Beada.  in  Lubarach  and  Ostertag's  "Ergebnisso,"  Jabrgang  v.,  p,  447. 

*  The  term  Uiherele  tintue.  which  is  In  common  use.  indicates  a  tissue  formed  under 
the  inHueuce  of  the  tubercle  bacillus  rather  than  a  ti8.sue  which  is  morphoiogjcally  chm- 
acteristic  of  tuberculosis  in  distinction  from  other  forms  of  new  tissue. 


..Google 


THE  ISPEcriOUS  DISEASES. 


243 


when  tubercle  bacilli  in  moderate  numbers  lodge  and  develop  in  the  liv- 
ing body  one  of  the  early  local  effects  is  a  proliferation  of  the  eounective- 
tissne  and  endothelial  cells.'     These 
become    larger   and    polyhedral,  with 
conspicuous  nuclei  (Fig.  117). 

A  uew  reticulum  or  stroma  may 
fomi  hand-iu-hand  with  the  growth  of 
these  uew  cells,  or  the  old  stroma  may 
)«rsist,  adapting  itself  in  form  and 
arrangement  to  the  new  conditions. 

Either   after  the   connective-tissue 
cell  prolifemtion  or  hand-in-haud  with 
it,  or  preceding  it,  or  altogether  inde- 
pendently of  it.  emigration  of  leuco- 
cytes and  extravasation  of  sernm  may 
take  place   from  blood-vessels  in  the 
vicinity  of  the   germs.      During    the 
more  or  less  active  cell   proliferation 
which  occurs  under   the   influence   of 
the  tubercle  bacillus  moltiuuclear  cells 
— giant  cells — may  be  formed  (Fig.   118),  either  by  persistent  unclear 
division  in  growing  protoplasmic  masses  which  do  not  divide  into  sepa- 
rate cells,  or  by  the  coalescence  of  the  bodies  of  cells  already  formed. 


Pl<3.  in.— A  SHILL  MlLIAHI  TCiKRCLt. 

Tbfa  Is  fn^wine  iivUie  tlv^r:  Is  composed 
■avMly  ot  new-formed  ^Lylied™!  rells  rlosely 
packed  nltb  llltle  IntercellalM'  ativma.  At 
the  wDtre  coagulatioD  necnisla  li  co 
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More  or  less  new  tissue  with  numerous  small  spheroidal  mononuclear 
cells  and  little  stroma  may  form  in  and  about  the  tuberculous  foci. 

'  The  studies  of  Werhtherg  indicate  thai  in  8onie  cases  !it  least  tlie  flret  eflect  of  tho 
tubercle  bacillus  upon  the  liviog  tissue  is  destructive,  so  that  the  cliaracterislic  cell  pro- 
liferation which  follows  may  not  be  allogetlierdue  lo  ft  direct  formative  stiniulus  to  cell 
proliferatioD  furnished hy  th'e bacillus.  See  Wfehiixrg,  "Beitrttge zur  Lehr.  v.  d.  primSren 
Eiuwirkung  des  Tube rkel bacillus,"  Ziegler's  Bcitrfige  zur  pfttli.  Anat..  B-*  — '-  '"" 
See  further  Uer^chdmer,  Ziegler's  licitr.,  Bd.  xxxiii.,  p.  363,  Bibl. 


ixfx.,  1901. 
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Blood-vessels  are  not  apt  to  develop  iiiider  tlie  influence  cf  the  tuberele 
baeilliis.  Old  blood-vessels  ai'e,  on  tbe  otlier  hand,  usually  ohlitemted 
us  llie  new  tissue  forms. 

Sooner  or  later,  under  the  influence  of  the  tuberele  bacillus,  there  ia 
usually  a  danui^  of  cell  and  tissue,  which  may  lead  to  couf^ulation  necro- 
sis in  the  new-formed  an  well  da  in  the  old  tissue  of  the  infected  I'egioit. 
This  necrosis  is  more  apt  at  first  to  manifest  itself  in  the  central  poi-tions 
of  I  he  tuberculous  foci  (Fig.  119)  and  may  progress  outward;  the  nuclei 
become  fragmented  oi-  disappear,  or  fail  to  stain  in  the  usual  way,  the 


Fir..  US.-A  Miliary  Tiuerclk  i\  tiik  UNft. 
RLanlnE polThedral  i¥]ls,  Kmall  splierold*!  rwllii.  imd giant ccLla.  wllh cobkuIbIIoti  npcmslsat  tbe  crntrp. 

protoplasm  l)eeomes  more  bonioge neons,  and  cells  and  stroma  form  at 
liUit  an  irregularly  granular  mass  of  (ifwue  detritus  which  tends  to  disin- 
tegrate (coagulation  neci'osis,  cheesy  degeneration,  caseation),  forming 
canities  or,  if  on  fi-ee  surfaces,  uUrers. 

As  coagulation  necrosis  prioresses,  the  tubercle  masses  lose  the  gray 
li-.mshiceut  apiH^anince  which  in  their  esvrly  stjiges  Ihey  are  apt  to  pre- 
sent to  the  naked  eye  and  become  more  opaijne  and  of  ycnowisb-white 
iipi)ear!iucc  at  the  centres. 

Finally  dense  fibrous  t  issue  may  form  in  and  about  foci  of  tulwrcnlous 
inflammation,  encapsulating  or  sometimes  entirely  replacing  the  more 
chai-act eristic  iiew-fonned  structui-es.  It  is  in  this  way — by  the  forma- 
tion of  connective  tiissue — that  such  repair  as  is  possible  after  local  tuber- 
culous inflammation,  is  brought  about  (Fig.  28!*,  p.  508). 
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Before  the  disco\erj'  of  the  tubei^ele  bacillus  and  while  Jmowk'djii?  of 
the  lesions  of  tuberculosia  vas  largely  limited  to  their  morphology,  it 
■was  natural  that  much  stress  should  be  laid  upon  the  variety  in  structure 
which  the  nodular  groT*  ths  called  tubercles  present,  and  that  elaborate 
classificatious  and  groupings  of  tubercles  were  often  deemed  impoitant. 

With  au  exact  knowledge  of  the  excitant  of  the  new  growths  and  of 
the  varying  phases  of  their  development  in  the  body,  the  morphological 
peculiarities  of  tubercles  arenot  now  to  be  regarded  as  of  snch  extreme 
significance,  since  they  for  the  most  part  indicate  simply  variations  in  the 
local  effect  of  a  definite  poison.  These  variations  are  due  as  we  have 
seen  to  differences  in  the  amount  and  intensity  of  the  poison,  to  the  degree 
of  susceptibility  of  the  individual,  to  the  structure  of  the  particular  tissue 
or  oi^n  involved,  and  to  the  extent  and  variety  of  local  complications 
cause<l  by  other  agencies. 

It  is,  however,  usually  convenient  and  sometimes  important  to  recog- 
nize structural  types  in  miliary  tubercles.     Thus  they  may  be  composed   r- 
wholly  of  small  spheroidal  cells — "Iffiiiphoid  tubercles,"  or  of  larger  poly-   ;, 
hedr.il  cells'  "poiyhedral-celted  tubercles,"  or  of  both  forms  of  cells  together  ; ; 
and  with  or  without  a  new-fonned  stroma;  or  of  any  of  tliese  eombtna-  ^ 
t  ions  with  giant  cells.     Then  coagulation  necrosis,  which  may  occur  in 
tubercles  of  any  type;  development  of  new  dense  connective  tissne;  as-         t'  en 
sociation  with  various  phases  of  simple  exudative  inflammation— all  of        ~ 
these  contribute  to  the  variety  in  the  structural  types  of  miliary  tuber- 
cles. 

Diffiise  Tubercnloiu  Infiammation  (Dlffiue  Taberole). — 1.  If  the  infec- 
tion with  tubercle  bacilli  be  extensive,  or  if  step  by  step  the  bacilli  are 
distributed  in  the  tissues  about  the  primary  seat  of  infection,  consider- 
able amounts  of  tuberele  tissue  of  one  or  other  form  may  develop  luid 
pass  into  the  condition  of  coagulation  uecrosis,  so  that  at  length  large 
necrotic  masses,  with  a  comparati\ely  small  amount  of  well-defined 
tubercle  tissue,  either  diffuse  or  in  the  form  of  granula,  may  alone  re- 
main to  indicate  the  character  of  old  and  slowly  progressive  local  infec- 
tion. This  form  of  lesion  is  found  in  the  large  tuberculous  masses  in  the 
brain,  in  the  mucous  membrane  of  the  bronchi,  in  large  flat  masses  on  the 
serous  meml>nLncs,  and  in  the  difi'u.se,  cheesy  infiltration  of  the  lymph 
nodes,  kidnej's,  ureters,  bladder,  prostate,  testicle,  and  uterus. 

These  large  areas  of  tuberculous  iullammatiou  are  apt  to  be  white  or 
yellow  lu  the  eentnvl  and  necrotic  portions,  which  are  sometimes  dense, 
compact,  and  hard,  sonietinuw  soft  and  friable.  These  areas  are  not  in- 
frequently surrounded  by  an  irregular  gray  zone  of  tubercle  tissue  or  by 
a  dense  fibrons-tissue  capsule. 

2.  In  marked  contrast  with  the  phase  of  diffuse  tuberculous  inflam- 
mation just  described,  though  often  associated  with  it,  is  that  in  which 
the  formation  of  inflammatory  exudates  is  a  prominent  feature.  This 
exudative  form  of  tuberculous  inflammation  is  best  exemplified  inth^ 
«  regarded  by  inany  as  so-called  "plasma  colls"  <see 
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lungs  by  Bome  of  the  forms  of  acnte  phthisis  (see  page  513).  The  tuber- 
cle bacillus  is  under  certain  couditions  markedly  pyogenic,  and  when  it 
rapidly  develops  in  the  air  spaces  of  the  lungs  or  suddenly  gains  access 
to  them  in  large  quantities  pus,  serum,  fibrin,  and  exfoliated  or  prolifer- 
ated epithelial  cells  may  collect  in  and  largely  fill  the  air  spaces,  and  then 
the  whole  new  exudate  and  the  old  lung  tissue  may,  over  larger  or  smaller 
areas,  rapidly  undei^o  coagulation  necrosis.    (Plates  VIII.  and  X.) 

Thus  in  one  phase  of  tuberculous  inflammatiou  the  intensity  and 
rapidity  of  the  local  poisoning  by  the  bacillus  do  not  permit  of  the 
formation  of  oi^anized  new  tissue  at  all,  but  only  of  exudative  products 


which  are  apt  boou  t«  become  necrotic  (Fig.  120).  Less  intense  degrees 
of  exudative  inflammation  are  liable  to  develop  in  the  vicinity  of  miliary 
tubercles  anywhere  in  the  body. 

Characters  of  tha  Tubarde  Bacillua. 

The  bacillus  tuberculosis  Is  a  long,  sleader  bacierium  varying  in  length  from  3  (o 
4  /I  <from  one-quarter  to  one-half  the  tliameter  of  a  red  blood  cell)  and  in  breadth  from 
0.3  to  0.5  /I.  It  is  frequeDtly  more  or  less  curved,  and  the  iDdividual  bacilli  may  cling 
together  end  to  end,  forming  tlireada  or  chains.     It  may  occur  in  branching  lonns.' 

The  bacilluB  (Fig.  131)  is  Btained  wltli  difficulty  by  the  anilin  dyes  (see  below),  and 

'  Branching  forma  of  the  tubercle  bacillus  have  been  frequently  seen,  and  while 
thetr  siguiScance  is  not  yet  altogetlicr  clear,  the  tendency  at  this  time  is  to  separate  this 
organism  with  the  diphtheria  bacillus  and  the  so-called  atreptothrix  or  aetinomyces 
forma  into  a  group  apart  [rom  the  bacilli.  Whether,  as  many  think,  they  are  more 
closelv  allied  to  the  moulds  than  to  the  bacteria,  or  whether  they  should  be  considered 
in  a  class  by  themselves  are  problems  still  unsolved.  For  the  present,  we  may  wisely 
consider  the  tubercle  bacillus  as  one  of  the  bacteria. 

For  studies  and  bibliography  nn  this  subiecl.  consult  Schuhe,  Zeitschrift  f.  Infec- 
tions-Erankbeitcn,  Bd.  XXXI..  p.  158,  1699;  and  Lvbarteh.  ibid.,  p.  187. 
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when  stained  often  presenU  an  irregular  lieaded  or  knobbed  appearance,  due  to  an  un- 
evennesB  la  the  coloring  of  the  protoplasm,  or  to  involution  changes.    It  is  Immobile 
and  spores  have  not  been  demouBtratcd 
in  It. 

At  the  temperature  of  the  body  it 
can  be  grown  on  many  of  the  aniflciai 
culture  media. 

The  growth  of  the  tubercle  bacillus 
In  cultures  is  very  slow  iu  comparison 
with  that  at  most  of  the  patbogeuic 
micro-organisms.  After  several  weeks' 
growth  it  forms  dry.  scaly  masses  or 
thin,  wrinkled  pelUcles  on  the  surface 
of  tlie  media  (Figs.  122  and  128).  It 
requires  a  certain  amount  of  oxygen  fur 

ils  growth,  and  thrives  beat  in  the  dark,  .WWy" 

It  is  killed  by  an  ei:poaure  of  a  tew  '  ^"^ 

hours  to  direct  sunlight,  or  if  moist  is 
killed  by  an  eiposure  of  from  ten  to 
fifteen  minutes  to  70°  C  On  the  oiher 
hand,  It  may  long  retain  its  vitality  in 
the  dried  condition. 

Cultures  can  be  continued  indefi- 
nitely from  generation  to  generation  with 
a  slowly   diminishing   virulence   which 

flually  is  largely  lost.     Under  certain  conditions  the  virulence  may  be  restored  or  en- 
hanced by  successive  inoculations  into  susceptible  animals. 

The  tubercle  bacillus  does  not,  so  far  as  we  know,  grow  in  nature  outside  of  the 
bodies  of  men  and  certain  wann-blooded  animals.    It  is  thusapparently  strictly  parasitic. 

Hethods  of  Staining  th«  Tubercle  BaciUua. 

In  Fluids. — For  the  examination  of  fluids,  such  as  sputum,'  etc.,  the  material 
should  be  spread  in  a  thin  layer  on  a  cover  glass,  dried  In  the  air,  and  then  passed  thrice 
through  the  flame  (see  page  158). 

While,  as  has  been  said  above,  the  tubercle  bacillus  is  stained  much  less  easily  with 
the  anilin  dyes  than  are  most  bacteria,  it  can  be  deeply  colored  by  the  use  of  accessory 
agents  which  intensify  tlie  stains  or  render  the  protoplasm  of  the  bacilli  more  accessible 
to  them.  But  when  once  stained  the  tubercle  bacillus  clings  with  great  tenacity  to  its 
color  In  the  presence  of  the  usual  decolorizing  agents. 

A  variety  of  methods  are  in  vogue  for  staining  the  tubercle  bacillus,  most  of  them 
being  more  or  less  unessential  modifications  of  the  original  process  formulated  by  Koch 
and  Ehrlich.  Zlchl's  solution  is  among  the  most  useful,  Tlils  is  made  by  adding  to  a 
fivc-per-cent  aqueous  solution  of  carbolic  acid  about  one-tenth  its  volume  of  saturated 
alcoholic  solution  of  fuchsin.     This  carbolic  fuchsln  will  keep  unchanged  for  a  long  time. 

The  prepared  cover  glass  is  Hosted  In  a  watch  gloss  or  porcelain  capsule — specimen 
side  down — on  this  coloring  fluid,  and  gently  heated  almost  to  boiling  for  from  three  to 
five  minutes. 

The  entire  specimen  Is  thus  completely  stained,  tubercle  bacilli,  tissue  elements,  and 
other  bacteria  which  may  be  present,  nil  in  tlie  same  way.  The  next  step  is  to  remove 
the  color  with  acid  from  all  the  structures  which  may  be  intermingled  with  the  tubercle 
bacilli;  tl>e  latter,  owing  to  the  tenacity  with  which  they  retain  the  color,  being  but 
slightly  affected.  This  is  done  by  dipping  the  cover  glass  into  an  aqueous  or  alcoholic 
solution  of  flve-per-cent  sulphuric  acid,  and  shaking  It  about  for  a  few  seconds.     Under 

'  It  Is  well  in  obtaining  sputum  for  examination  in  cases  of  suspected  pulmonary 
tuberculosis  to  secure  that  which  has  heta  raised  during  several  hours,  Including  ttie 
early  morning  discharge. 
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tlie  Influence  of  the  acid  tlie  aiui.'iinen  on  Uk;  covt-r  plnss  lows  its  red  color  and  becomes 
gray  or  eoloricss.  It  is  tlmn  tlioroiighly  rinsed  in  tbrt*  or  four  sHceessive  portions  of 
alcohol,  and  tjoally  in  wtiler.  By  this  manipulntiou  the  I'd!  color  niHy  be  to  a  slight 
extent  restored. 

Cure  should  be  taken  not  to  expose  tlie  specimen  too  long  to  the  nction  of  Ihe  Qcid, 
because  tlien  the  Incllli  may  be  also  iisrlially  oi'  completely  diH-olorized.  A  little  ex- 
perience will  CDiibIc  lliu  experinienler  lo  Judge  of  tlie  projier  time  for  llio  action  of  the 


no.  ja— t'Cl.TUiiK  OK  TUBKHCLK  BACILLI'S  OS  GLTCEHIN  AGAR.-  Fponi  Itiheivulort"  In  Dian. 
Fia.  123.— GrLTiKE  OF  Titbkrclk  BiciLLtS  OS  tiLVCKUN  AOAR.-From  tubemiLosls  In  Uie  bird. 

acid.  The  spi'ciuiuns  may  be  studied  in  water  witii  llie  use  of  an  oil  immersion  lens 
and  the  Abb£  condenser,  or  they  may  be  dried  in  the  air  anil  mounted  in  Imlsam  before 
examination. 

Inasmuch  as  not  infreqtiently  some  otlier  bacteria  l>esidi-s  tlie  tiibercio  bacilli  relain 
a  slight  red  color,  it  ia  well,  after  tlie  specimen  is  rinsed  in  water,  to  flout  the  cover 
glass  for  a  tew  minutes  in  u  dilute  aqueous  solution  of  melhylene  blue,  which  will  re- 
place Ihe  red  color  in  all  of  the  bacteria  except  the  tuljercle  bacilli  and  which  might  be 
mistaken  for  it.  forming  a  marked  color  contrast  between  them.  The  contrast  stain 
should  not  be  intense. 

In  Skctions. — Thin  sections  of  tuberculous  tissue  wiiich  bus  been  hardened  in  alco- 
hol arc  stained  in  tiie  same  way,  except  tiiat  instead  of  drying  and  lixation  by  heat  the 
sections  shonlil  l>c  fixed  to  the  cover  glass  by  means  of  the  albumin  fixative  (see  page 
01),  and  then  cover  glass  and  section  ure  muuipulated  together. 

When  differentiation  is  complete  the  section  is  cleared  in  oil  of  origanum  and 
mounted  in  balsam. 
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For  purposes  of  simple  recognition  of  the  Imcill!  in  HMrtSons  It  seems  to  the  writer 
usually  iKrttcr  to  Imve  no  t-olov  iu  the  prepnnitioD  other  than  that  which, the  tubercle 
bBL-iUi  (MTssess.  But  it  is  often  eonvenient  lo  ilemonstralc  the  Duclei  of  the  cells  at  Ihe 
same  lime,  and  this  may  lie  acoomptished  by  siainiog  tijclitty  afterward  with  a  dilute 
solution  of  some  color  which  will  contmst  wiih  that  of  Ihe  ImcIIM.  such  as  methvlene 
blue. 

Iu  the  examiuation  of  iirine  for  the  presence  of  Ihe  tubercle  bacillus  It  is  well  to 
collect  the  sediment  by  means  of  a  centrifugal  machine.  In  the  examitiation  of  milk, 
or  other  fat-con taiuing  fluids  for  tubercle  bacilli,  it  is  well,  after  the  film  has  been 
formed  upon  the  cover  glass  and  liefure  staining,  to  rinse  with  chloroform  followed  by 
alcohol,  and  this  by  water. 

(Iccasioually  one  finds  in  urine  acicular  crystalline  bodies  considerably  resembling 
the  tubercle  bacillus  in  size  and  shape,  and  retaining  a  red  color  after  the  decolorisation 
of  tiie  Kpccimen.    A  careful  study  of  the  form,  however,  will  suffice  to  prevent  mistakes. 

The  only  other  bacilli  which  are  liable  to  be  mistaken  for  the  tubercle  bacilli  are 
the  bacillus  of  leprosy  and  the  so-called  smegma  bacillus  which  sometimes  occurs  be- 
neath the  prepuce.  The  lepra  bacillus  may  be  diBtinguishcd  from  the  tubercle  bacillus 
by  the  following  differential  staining  process:  If  the  lepra  bacillus  be  stained  for  ten 
ndnuti-s  In  a  dilute  alcoholic  solution  of  fuchsin  (Ave  drops  of  saturated  alcoholic  solu- 
tion of  fuchsin  lo  3  c.c.  of  water),  and  then  rinsed  for  a  few  seconds  in  a  solution  of 
nitric  ucid  (one  part)  iu  alcohol  (ten  parte),  it  will  retain  a  red  color,  while  under  tlie 
same  treatment  the  tubercle  bacillus  remains  uncolored.  For  differential  stains  for  the 
smegma  bacillus  see  page  2S3. 

Tarieties  of  Tubercle  Bacilli. 

While  many  of  tlie  lower  mammalia  are  susceptible  to  Inoculations  with  tubercle 
bacilli  derived  from  man,  the  bacilli  oblained  from  spontaneous  tuberculous  lesions  in 
(ho  lower  animals  may  preKeut  noteworthy  varialions  in  form  and  growth  fmm  the 
human  type.  Thus  Theobald  Smith  and  others '  have  pointed  out  marked  peculiarities 
of  the  bovine  bacillus  which  would  lead  to  the  conjecture  tliat  though  not  a  scparttie 
species  it  is  probably  a  distinct  variety  of  the  organism. 

Still  more  marked  are  the  differences  between  mammalian  and  avian  or  bird  tuber- 
cle iHcllli.  Whclhcr  in  this  case  also  the  <lifferences  are  to  be  regarded  as  specific  or 
within  the  limits  of  variational  sway  is  not  yet  clear,  .\lthough  the  subject  is  inipor- 
tant  from  the  standpoint  of  prophylaxis  and  interesting  from  the  point  of  view  of  Ihe 
Tarlations  of  bacteria  tinder  changes  of  eiivininment.  Ihe  attempts  by  ex|>erimenta1 
means  to  convert  one  form  into  the  other  liave  thus  far  been  loo  few  to  lead  to  definite 
conclu^ons. 

Tuberculia. 


When  llie  tubercle  bacillus  is  grown  on  gljcerinated  nutrient  broth  certain  meta- 
bolic products  are  formed  aiiii  pass  into  solution  in  the  fluids.  If  after  some  weeks  of 
Tigorons  gr<)wth  ihe  germs  arc  separaU'd  by  filtration  and  tiie  broth  is  concentrated  by 
evaporation,  a  dark-brown  fluid  results  which  is  called  tuberealin.  This  substance — at 
one  tinic  believed  by  many,  and  still  by  a  few  observers,  to  possess  distinct  curative 
properties  in  certain  forms  of  tuberculosis — has  assumed  great  economic  importance  on 
account  of  its  value  as  a  diagnostic  agent  in  bovine  tuberculosis.  For  if  administcreii 
subcutaneously  in  small  quantity  to  cuttle,  a  marked  temperature  reaction  frillows  in 
tuberculous  animals,  while  those  which  are  sound  are  unolleclcd.  Tlie  existence  ot 
even  very  sliglit  lesions  may  he  iletected  in  this  way.  In  man  also  tuberculin  has  proved 
of  value  in  coses  in  which  the  efforts  to  establish  a  diagnosis  by  the  usual  method  have 

Action  of  Dead  Tubercle  Bacilli. 

It  has  been  found  that  tubercle  bacilli  wbieh  have  been  killed  by 
boiling  or  otherwise,  when  introduced  into  the  body  of  the  rabbit  either 
beneath  the  skin,  or  into  the  serous  cavities,  or  into  the  blood-vessels  and 

I  See  WaUxich  and  Emit.  Jour,  of  Med.  Research,  vol.'  x, ,  1M3,  p.  813.  biiil. :  also 
Eavtnel.  Medicine,  July  and  August,  1902;  see  also  reference  to  Ravenel,  p.  f"" 
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the  air  spaces  of  the  ItiDgs,  are  capable,  as  they  slowly  disintegrate,  of 
BtimalatiDg  the  cells  of  the  tissues  where  they  lodge  to  proliferatioa, 
and  to  the  production  of  new  tissue  morphologically  similar  to  tubercle 
tissue  in  its  various  phases '  C^ig.  124).     Kecrosis  of  the  new-formed 
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cells  may  occur,  but  this  differs  in  some  respects  from  the  coagulation 
necrosis  induced  under  the  usual  conditions.  Dead  tubercle  bacilli  are 
also  markedly  chemotactic  and  capable  of  causing  local  suppuration  and 


It  would  seem  probable  then  that  while  the  i)ower  of  the  tutwrcle 
bacillus  to  induce  necrosis  and  the  fever  which  in  many  cases  iudicat«s  a 
systemic  intoxication  may  be  due  to  metabolic  products  of  the  living 
germ,  the  local  lesions  characteristic  of  exudative  and  productive  indam- 
matioQ  may  be  due  to  a  peculiar  bacterial  proteid  which  is  set  free  by  the 
disintegratiou  of  the  bacilli  in  the  tissues. 

Complex  Fftcton  in  the  Tub«rculout  Ptoc«m. 

It  Is  well  In  studying  the  characters  ot  tuberculous  iuflammatioo  to  remember  that 
in  its  progressive  phases  there  are  two  factors  at  work :  first,  those  which  lead  to  cell 
proliferatioD  and  new  tissue  formation,  which  is  apparently  a  reparative  and  conserva- 
tive process:  second,  those  which  arc  inhibitory  or  damaging  ordestructive;  and.  finally. 
that  both  sets  of  factors  are  commonly  active  together.     It  may  still  be  considered  doubt- 

'  For  further  details  concemiag  the  effects  of  dead  tubercle  bacilli  ia  the  body  see 
PnidOen  and  Hodenp}/l,  N.  Y.  Med.  Jour.,  June  6th  and  20th,  1891.  and  Prudden,  tbid., 
December  Cth,  1891.  For  summary  of  later  work,  with  bibliography,  see  Herxkeiiaer, 
Ziegler's  Beitr.,  Bd.  xxxiii.,  p.  863. 
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ful  whether  the  tubercle  bacillus  furnishes  a  direct  tormative  stimulus,  or  whether  such 
is  furnished  by  damaged  cells,  or  whether  the  cell  proMfemtioD  maj'  not  be  an  expression 
of  repuiitive  activity  in  the  presence  of  damaged  tissue  made  possible  by  disturbed 
organic  control,  see  page  S02.  In  any  event  the  new  tissue  which  forms  under  the  in- 
fluence of  the  tubercle  bacillus  apparently  owes  its  morphological  as  well  as  biological 
chaiBcteristics  to  impulses  toward  tissue  foimaliOD  which  are  exerted  in  the  presence  of 
agencies — doubtless  poisons — restra[ning  withio  narrow  bounds  the  new  connective- 
tissue  growth,  no  matter  bow  extensive  or  pcrdstent  this  may  be,  and  tending  con- 
stiiDtly  to  its  destruction. 

It  is  interesting  in  this  connection  to  note  that  when  lesions  In  many  respects  simi- 
lar to  those  of  the  ordinary  tuberculosis  are  induced  experimentally  tn  animals  with 
dead  tubercle  bacilli  (see  above),  the  poisonous  substances  leading  to  necrosis  are  not 
produced  continually  and  for  indefinite  periods,  as  is  the  case  in  infection  with  living 
bacilli,  but  are  soon  exhausted,  so  that  after  a  certain  amount  of  initial  neerods  the  new 
tissues  go  on  to  develop  in  the  usual  reparative  way,  blood-vessels  are  formed,  and  heal- 
ing by  a  cicatrix  under  favorable  conditions  regularly  takes  place.  It  is  probable  that 
effective  bealing  in  tuberculosis  In  man  takes  place  only  after  the  local  production  of 
destructive  poison  ceases  through  the  death  or  diminished  virulence  of  the  tubercle 
bacilli  present. 

The  Number  of  Tubercle  Bacilli  in  Lesions. 

The  number  of  bacilli  which  are  present  iu  the  lesions  of  tuberculosis 
is  subject  to  great  variation.  They  are  usually  abundant  in  the  walls 
and  contents  of  phthisical  cavities,  and  in  tubercle  tissue  which  is  under- 
going cheesy  degeneration  and  disintegration.  Iu  these  situations  they 
may  be  found  in  myriads,  forming  sometimes  a.lai^e  part  of  the  disin- 
tegrated mass.  They  are  found  in  cells  and  scattered  among  them. 
Sometimes  they  are  present  in  considerable  numbers  in  the  giant  cells  of 
miliary  tubercles.  In  the  acute  general  tuberculosis  of  children  they 
are  often  present  in  lai^e  numl>er8,  particularly  in  the  lungs  (Fig.  120). 
They  may  be  found  in  tuberculous  inflammation  iu  any  part  of  the  body, 
and  have  been  seen  in  the  blood.  The  bacilli  are  almost  constantly  dis- 
charged in  the  sputa  of  patients  suffering  from  pulmonary  tuberculosis, 
often  in  enormous  numbers — from  one  to  four  billion  in  twenty-four  hours, 
according  to  Nuttall's  estimate — and  their  presence  sometimes  afl'ords 
valuable  diagnostic  aid  in  early  st^iges  of  obscure  forms  of  the  disease. 

Under  a  variety  of  conditions,  especially  in  tlie  older  tuberculous 
lesions,  the  bacilli  may  not  be  demonstrable.  This  apparent  occasional 
absence  of  the  bacilli  is  probably  due  either  to  their  disappearance  as 
the  process  grows  older,  or  to  some  unknown  changes  which  interfere 
vitli  the  ordinary  staining  procedures. 

Feequenct  of  Tubeeculosis  in  Man  and  the  Lower   Animals. 

Tuberculosis  is  a  very  common  disease  not  only  of  man'  but  also  of 

many  of  the  lower  animals,'  especially  of  cattle,  and  inasmuch  as  the 

'  Carefully  prepared  statistics  show  that  tuberculous  lesions  are  present  in  the  body 
in  more  than  ninety  per  cent  of  the  cases  examined  at  autopsies.  See  for  a  thorougn 
and  suggestive  analysis  of  five  hundred  autopsies  2iaegeli,  Vlrcbow's  Archiv.  Bd.  c\x., 
p.  436,  1»00. 

<  For  bibliography  of  animal  tuberculosis  see  EXier,  Lubarsch  and  Ostertag's  "  Ergeb- 
nisse,"  Jahrg.  iv.  for  1897,  p.  85B 
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victims  of  this  diseaue,  both  men  and  aiiimab,  are  api,  as  stated  above, 
to  throw  oif  enormous  numbers  of  the  bacilli  in  the  sputum  and  other 
excreta,  the  gerai  is  widely  dispersed  in  inhabited  regions,  especially  in 
buildings  frequented  by  uncleauly  tuberculous  persons  or  by  infected 
cuttle. 

Among  the  lower  animals,  {guinea -pigs,  rabbits,  monkeys  in  routine 
ment,  and  cattle  are  particularly  susceptible  to  the  action  of  the  tubercle 
bacillus.  Although  tuberculosis  is  widespread  in  mau,  he  is  not,  as  com- 
pared with  some  of  the  lower  animals,  particularly  susceptible.  While 
the  tuberculous  process  pi'osents  some  special  differences  in  different 
animal  species  in  rate  of  development,  amount  of  necrosis,  tendency  to 
softening,  calcifiaition,  etc.,  the  fundamental  eifects  are  similar  in  man 
and  in  the  lower  animals. 

Sources  of  the  Tubercle  Bacilli,    Portals    of    Entry,    and 
Distribution  of  Lesions. 

Congenital  tuberculosis  has  been  observed,  but  it  is  apparently  quite 
infrequent.'  Tubercle  bacilli  are  most  frequently  transmitted  to  the  well 
from  the  victims  of  tuberculosis  by  means  of  the  sputum  which  is  cast 
off,  allowed  to  dry,  and  becomes  pulverized  and  is  then  inhaled  as  dust. 

Many  observations  on  the  occurrence  of  tuberculous  bronchial  lymph- 
nodes  in  persons  exhibiting  no  appreciable  tuberculous  lesions  elsewhere 
would  indicate  1  be  probability  of  access  of  the  bacilli  to  the  lymph  chan- 
nels without  primary  lesion  at  the  portal  of  entry.  A  coiisideiable  per- 
centage of  persons  dying  from  other  diseJises  have  been  found  to  have 
tuberculous  lesiions  often  healed  in  the  lungs  or  bronchial  lymph-nodes.' 
In  adults  the  lungs,  in  children  the  bronchial  lymph-uodes  are  the  most 
frequent  seat  of  tuberculous  lesion.* 

While  the  inhalatiou  of  dust  containing  dried  tuberculous  sputum  is 
the  chief  means  of  infection  under  the  ordinary  conditions  of  modern 
life,  other  modes  of  conveyance  of  the  infective  bacilli  are  of  importance.' 
It  has  been  shown  that  pathogenic  bacteria,  and  among  these  the  tubercle 
bacilli,  may  enter  the  lymphatics  through  the  intestinal  mucosa  without 
demonsti-able  lesions  in  the  hitter.  Thei'e  is  itu  doubt  that  the  bacilli 
may  be  introduced  into  the  alimentary  canal  by  contaminated  milk  and 
meat  of  tuberculous  cattle.' 

'  For  a  study  nt  placental  and  congeaital  tuberculiwis  sec  Warlkiii  ati  CuifiV.  Jour. 
(if  Infw.  IJis.,  vol.  i..  11)03.  p.  140. 

'See  reference,  Kapgeli.  p.  251. 

'See  reference,  A'mihrup  ami  Burainl.  p_.  898.  For  b  study  of  Ibe  distiibiition  and 
orlgJD  of  tuberculosis  in  ohiidreii  wrc  (iuthiic,  Luncet,  February  4lli,  1898,  p.  2S«;  ulso 
Hand.  Proc,  Ritli.  Soc.  Pliila..  Mareli,  1908. 

''For  a  Btudy  of  tubercle  bacilli  on  booka,  see  JUitiilencii.  Zeltsclir.  f.  Hygiene  u. 
Infkr..  Bd.  Jiliv,.  p.  8W.  1803. 

'  See  Jfnber.  Amcr.  .Tour.  Me<l.  Se.,  vnl.  cxxvi.,  1908.  p.  084,  Bibl.  For  Ibe  intercom- 
miinicRbllity  of  liunmD  and  bovine  tubereuloslR.  see  Rnrend,  Proc.  Patli.  Soc.  I'liila- 
delplita.  May.  1903. 

('onsult  for  liis  viewx  on  the  intestine  hr  poHal  of  cnt^  for  tlie  tulwrcic  Imcilbis, 
Bdiring,  DeulscEi.  med.  Wocbenscbr..  September  2^th.  19(»{;  summarv  in  Britfsb  Med. 
Jour.,  October  l7Ui,  1903.  p.  988.  For  reference  wi  i»rimary  tubei^ulou 
footnote,  p.  fwiS, 
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CONCUKBEST   INFECTION'    IN    TrBKRCVLOSIS, 

A  cidiciirreiit  infection  witJi  the  tiilwrcle  bavillus  and  the  pjt^cnic 
luicro-oi^uisms  Is  of  extreme  significaiu-r  in  tliiit  phase  of  tiibci-cnlons 
inflammation  of  tiie  Inntps  eoniinonly  ealled  phthisis.'  Wliile  the  so- 
(fulled  cold  abscesses  may  l>e  cauHt-d  bv  the  tnlMTcle  bacillus  alone,  this 
germ  is  not  infrequently  found  under  these  conditions  to  l>e  iissfx'iated 
with  other  pyogenic  inici-0-oi^nnisins,  esiRK-ially  the  streptococcus  auO 
:>iaphylococcus. 

Bacteria  Besem'bUiie  the  Tubercle  Bacillua. 

Ttiere  arc  Kcveml  spccii-x  i>f  bocttrin  wliicii  nfler  deep  stAining  rt'sist  tlie  dtculnriziiig 
action  of  (lilut4^  aciils.  Tlicsc  bavc  tx.'Cii  cullM,  I'ollcctivelr.  "acid-resisting"  or  iiciil- 
proof  lMitti.'1'iji.'     We  sliall  consider  only  two  of  these. 

The  Smkuma  Bacilll's. — This  organism  is  often  present  and  BometlnicH  in  larpc 
numbers  in  tiie  prepulial  smeginit  ami  elscwbcrc  nbout  tbe  external  genitals.  It  so 
closely  rcKcmblcB  tbe  tubercio  hHcilhis  in  size,  sbapc,  and  staining  reactions  that  it  is 
liable  hy  inorpliulogical  examinations  alone  to  t>c  mistaken  for  it.  It  lios  been  culti- 
vated on  artificial  medik  and  is  not  juitliogeiiii-.  The  smegmn  bacillus,  when  stained  as 
above  recommended  for  tbe  tubercle  bucUhis.  resisia  the  liecolori zing  action  Of  tbe  aeiii : 
but  it  is  usually  dceoltHizcd  by  aicoboi,  Ihns  differing  from  eltlier  the  tiiberi-le  bacillus 
or  the  leprosy  tmcillus.  But  this  color  reaction  is  not  certain;  individual  bacilli  not  in- 
frequently remain  iinBtained.  Various  special  melhixis  for  diCTcn'ntiation  liave  been 
suggested,  but  none  of  tlieni  is  iivli[>lly  satisfactory.'  In  doubtful  cases,  therefore,  and 
ivben  serious  operative  procedures  ore  dependent  upon  lliu  liaeteiial  diagnosis,  recourse 
sliould  be  had  to  animal  iuoculations. 

The  "IIav  Bacii.i.cs." — This  resembles  the  tubercle  and  smegma  bacilli  in  form 
and  staining  jiceuliurities.  It  is  called  the  "hay  bacillus"  or  "grass  liaeilhiB"  Ijceause 
of  its  ctmimon  occiirrcucc  upou  grass  beads  iu  the  fields.  It  is  n<it  {latliogenic  and  is 
readily  euilivateil. 

Lupua  and  Other  Forma  of  TutMrculoaia  of  the  Skin. 

Ijocal  luberculous  inflammation  of  tbe  skin  may  occur  in  tbe  fomi  of  small  noiluits 
or  wart- 1  ike  Ibickenings.  as  Ibe  result  of  ikccidental  inoeuUtion.  Local  skin  infection 
may  occur  about  the  oriflce»i  of  the  iHMly  in  tul>erculous  persons  from  contact  witli  secre- 
tions or  excretions  containing  tbe  tubercle  Imcilli.  or  alxiiit  sinuses  h'ading  to  tubercu- 
lous aliKcesses.  joints,  ere.  or  in  the  vicinity  of  tuberculous  ly m pi i -nodes. 

Aclimnic  form  of  tulwrL'ulous  inflammation  which  presents  special  clinical  features 
has  long  been  known  imder  the  name  of  I'ipuK. 

L'l/i'it. — Tills  form  of  inflammalion  most  frequently  occurs  in  the  skin  of  tbe  face, 
but  also  in  the  mucous  membrane  of  tbe  mouth,  pharynx,  conjunctiva,  vulva,  and 
vagina.  Tbe  lesion  consistsof  small,  multiple  nodulcsof  new-formed  tissue,  in  the  cutis 
or  mucosa  and  submiicosa.  By  the  formation  of  Dew  nodules  and  a  more  diffuse  cellti' 
lar  Inltltrutioii  of  Ibe  tissue  between  them,  the  lesion  tends  to  spread,  and  by  the  conflu- 
ence of  tiie  intlllmted  portions  a  dense  and  more  or  less  extensive  area  of  nodular  in- 

'  See  BpengUi;  Zeilscbr.  f.  Hygiene,  etc.,  Bd.  xviii..  p.  842,  18ft4.  bibliography.  Pee 
reference  to  I'nidikii.  p.  4T8. 

'  See  for  resume  and  bibliography,  Abbiilt  aitd  tUldfJiiefrr,  Trans.  Assn.  Amer. 
Piiys.,  vol.  Kvii,.  p.  87;  also  Rimnheriiee.  Proe.  Path.  Soc.  of  Pbila.,  January.  1904. 

'Critical  review,  with  bibl..  IMimt.  Jour.  Am.  Med.  Assn.,  vol.  xxxiv..  pp.  083 
and  1W5.  1900.    Consuliulso  (WiV,  Jour.  Exp.  Med.,  vol,  v.,  p.  2(i5. 1900. 
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fiUratioQ  maj  be  formed.    There  may  be  an  excessive  production  and  exfoliation  of 
epidermis  over  tbe  iaflltrated  area,  or  on  ulceration  nf  tbe  new  tiaaue. 

Microscopical  examination  shows  the  lesion  to  consist  of  small  spheroidal  cells  io- 
termingled  with  variable  cumbers  of  larger,  polylie<lral  cells  and  cell  masses,  and  in 
maoy  cases  giant  cells  (Fig.  135).  In  some  cases  a  well-marked  reticulum  is  present 
between  the  new  cells,  and  these  are  often  grouped  in  masses  around  the  blood-vessels. 
In  some  cases  there  is.  without  previous  ulceration,  a  formation  of  new  connective  tis- 
sue in  Uie  diseased  area,  and  a  well-marked  cicatrization;  in  other  cases  the  cells  and 
intercellular  substance  undergo  a  disintegration  which  leads  to  ulceration.  Tubercle 
bacilli  in  small  numbers  may  be  found  in  these  lesions.  In  the  clinical  group  of  diseases 
called  lupus  there  are  other  forms  of  lesion  which  are  not  incited  by  the  tubercle 
bacillus. 

Bibliograpb?  of  Tuberculosia. 

The  announcement  of  the  discovery  of  the  bacillus  tuberculosis  by  Koch  was  made 
in  the  Berlins  hlin.  Woc/ienacArift.  1882.  No.  15.  A  most  elaborate  and  valuable  article 
on  the  same  subject  by  Koeh  ia  contained  In  the  ^  Mittheilungea  aus  dam  Eaiserlichen 
Oeaundheitsamte,"  vol.  ii. 

The  abundant  literature  on  the  subject  of  tbe  tubercle  bacillus  which  has  accumu- 
lated since  1863  is  for  the  most  part  scattered  through  the  German,  English,  and  French 
journals. 

An  excellent  critical  resume  of  the  subject  by  iMHigaa.  with  selected  bibliography, 
may  be  found  In  the  "Twentieth  Century  Practice,"  vol.  ijt 


In  tbe  large  work  of  Straiit,  "  La  Tuberculose,"  1895,  the  experimental  aspects  of 

tbe  subject  are  fully  considered. 

In  the  work  of  Cornet,  "Die  Tuberculose,"  1896,  together  with  the  genera!  and 

clinical  consideration  of  the  disease,  the  modes  of  infection  and  prophylaxis  are  set 
forth,  with  bibliography.  See  also  Cornet  and  Meyer,  Kolle  and  Wassermann's  "  Hand- 
buch  der  Mikroorganismen,"  Bd.  ii..  p.  "8,  1902,  . 
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LEPBA  (LBPIKDST). 

Leprosy  Is  characterized  b;  the  developmeut  of  nodular  and  some- 
timea  diffuse  masses  of  tissne,  consisting  of  lai^r  and  smaller  c«lls  of 
various  shapes — spheroidal,  fusiform,  and  branched,  with  a  fibrous 
stroma — the  whole  somewhat  resembling  granulation  tissue.  The  new 
tissne  is  most  frequently  formed  in  exposed  parts  of  the  skin,  as  the 
face,  hands,  and  feet,  but  it  may  occur  in  the  skin  of  any  part  of 
the  body.  It  is  formed  more  rarely  in  the  subcutaneous  connective  tis- 
sue, in  intrafascicular  connective  tissue  of  ner^'es,  in  the  viscera,  and  in 
the  mucous  membranes.  The  mucous  membranes  most  frequently  af- 
fected are  those  of  the  eye,  nose,  mouth,  and  larynx.  The  nodules  may 
be  very  small  or  as  large  as  a  walnut,  and  may  be  single  or  joined  to- 
gether in  groups  or  masses.  The  tissue  of  the  part  in  which  the  new 
formation  occurs  may  be  atrophied  and  replaced  by,  or  may  remain  in- 
termingled with,  the  leprous  tissne,  or  it  may  be  hyperplastic.  The 
nodnles  may  persist  for  a  long  time  without  undergoing  any  apparent 
change,  or  they  may  soften  and  break  down,  forming  ulcere;  but  ulcer- 
ation, except  in  the  mucous  membranes,  is  said  usually  to  occur  as  the 
result  of  injury  or  unusual  exposure.  The  leprous  tissue  may  change 
without  ulceration  into  cicatricial  tissue,  or  cicatrization  may  follow 
ulceration. 

Various  secondary  lesions  and  disturbances  of  nerve  function  are 
associated  with  the  formation  of  leprous  tit^ne  in  the  nerves  and  central 
nervous  system,  but  these  we  cannot  consider  here. 

In  all  the  primary  lesions  of  leprosy,  bacilli  are  said  to  he  present, 
mostly  in  the  cells,  and  particularly  in  the  larger  transparent  spheroidal 
forms,  but  sometimes  free  in  the  intercellular  substance.     The  bacilli 
have  been  found  in  the  skin,  mucous 
membrane  of  the  mouth  and  larynx, 
in  peripheral  nerAcs,  in  the  cornea, 
in  cartilage,  in  the  testicles,  and  in 
lymph-nodes.     Sometimes  the  cells 
contain  but  few  bacilli,   but  they 
are  frequently  crowded  with  them. 

Charsctera  of  the  I«pra  Bacilli. 

The  bacilli  arc  from  4  to  6  /<  long  and 
very  slender.  Tliey  are  sometimes  pointed 
at  the  ends  and  sometimes  present  spber- 
oidal  swellings  (Fig.  128).  In  tiicir  com- 
portment toward  staining  agents,  as  well 
as  in  general  morphological  characters, 
tbey   considerably  rcaemble  the  Bacillus 

tuberculosia,  but  they  are  mote  readily  stained.  Tliey  may  be  stained  with  fuschsin 
or  gentian  violet  by  the  ordinary  metliod,  or  by  the  method  employed  for  staining 
tbe  tubercle  bacillus  (see  page  347). 


Fia.  126.— The  Baciui  op  Lbprost. 
From  a  nodule  In  Om  skin,  shovlDg  ttie  IkcUU  tree 
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Various  reports  of  success  in  the  arliflciul  ctiltivaljon  of  the  lepra  bacillus  liavf  not 
yel  n-ceived  Hie  seal  of  cxperimenta)  confirmation. 

I'bi'  lepra  bacillus  may  be  conveyed  from  man  to  miin  by  dtrcct  iiioculatioti :  but 
under  proper  sanitary  eondittons  tiie  disease  is  rarely  itiitiatei)  iu  tliis  way.  In  a  fow 
ciises  animal  ini>culations  bnve  been  made  with  wliat  appear  to  be  positive  result!!. ' 

The  striieture  of  the  uew  tissue  growth,  the  absence  of  coagulation 
necrosis,  and  the  peculiar  grouping  of  the  bacilli  in  the  large  transparent 
cells  are  eharacters  which  usually  clearly  distinguish  the  lesioits  caused 
by  the  leprosy  bacillus  from  those  of  tuberculosis. 

Leprosy  is  common  in  India  and  in  other  hot  countries.  It  is  infre- 
quent in  America,  but  in  the  Gulf  States,  in  Mexico,  among  the  Norwe- 
gians in  the  Northwest,  and  in  the  eastern  British  provinces  a  considerable 
number  of  cases  are  grouped.  Isolated  cases  are,  however,  encountered 
now  and  then  in  various  parts  of  the  United  States. 


6TPHILI8. 

The  characteristic  lesions  of  syphilis  consist  in  a  more  or  less  circum- 
scribed formation  of  new  tissue.     This  may  be  made  up  largely  of  small 
spheroidal  cells  or  of  these  with  polyhedral  cells  (Fig.  127),  and  of  oeca- 
sioiiiil  giant  cells.     The  new  tissue,  which  may  be  diffuse  or  in  more  or 
less  clearly  circumscribed  masses,  contains,  as  a  rule,  few  blood- vessels, 
and  is  prone  to  undergo  coagu- 
lation necrosis.     This  tendency 
is  most  pronounced  iu  the  cir 
cumscribed  masses. 

The  endothelial  cells  of  the 
blood-vessels  in  and  near  the 
inflammatory  foci  in  this  form 
of  inflammation  are  not  infre- 
quently swollen  and  may  pro- 
lifei-ale  (Figs.  127  and  128,  B). 
The  vessels  may  otherwise  un- 
dergo extensive  changes. 

In  the  primary  lesion,  which 
is  called  chancre,  there  may  be 
obliterating  endarteritis,  a 
small  spheroidal -cell  infiltm- 
tiou  of  the  connective  tissue, 
prolifemtion  of  connective-tissue  cells,  especially  near  the  blood-vessels 
(Fig.  129),  swelling  of  the  vascular  endothelium,  and  an  occasional  de- 
velopment of  giant  cells.  This  new  tissue  may  become  fibroiw  or  ne- 
crotic and  may  ulcerate. 

Following  the  primary  lesion  there  may  be  inflammation  of  the  lymph 
nodes,  of  the  skin  and  mucous  membranes,  of  the  bones  and  viscei-a. 


FlO.    IK.— NIW-raiUIED  TIB»l'E    IN    BTPHIHTIC    iNrLAH- 

r•^om  ■  "  tianl  chuicre."  sbowlnn  swoUea  eadutbellum  Id 


vol. 
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One  of  the  most  characteristic  phases  of  the  secondary  iuflammatious 
of  syphilis  results  in  the  formation  in  the  periosteum  or  the  viscera  of 
masses  of  new  tissae  called  ffumnutta. 

The  smaller  gummata  consist  of  a  maas  of  small  spheroidal  and  epi- 
thelioid cells  (see  Fig.  130).  As  these  cell  masses  grow  larger  they  are 
apt  to  become  necrotic  and  caseous  at  the  centre,  and  we  may  then  have, 
as  seen  hy  the  naked  eye,  a  grayish-white,  usually  firm  mass,  with  a  more 
or  less  dense  and  irregular  granidar  centre  and  a  translucent,  often 
radially  striated  border  of  dense  fibrous  tissue  (see  Fig.  131). 

A  bacillus  closely  resembling  the  tubercle  bacillus  in  form  and  size 
has  been  described  by  Lustgarteu  and  others  as  occurring  in  small  num- 
bers in  the  lesions  of  syphilis.  It  appears  not  to  be  constantly  present, 
however;  a  distinctly  characteristic  mode  of  staining  is  not  known,  and 
it  has  never  been  cultivated  on  ariificial  media ;  so  that  the  evidence  that 
this  bacillus  is  the  excitant  of  syphilitic  inflammation  is  not  convincing. 
Several  other  organisms  have  been  descril)ed  as  occurring  in  s>'philitic 
lesions,  but  in  no  case  has  satisfactory  evidence  of  their  significance  as 
excitants  of  the  disease  been  furnished. 

The  nodular  lesions  of  syphilis  are  in  many  respects  structurally 
similar  to  those  of  tul>erculosis,  so  that  it  is  sometimes  difficult  to  distin- 


1  Stphilitic  Condi 
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gniBhtbem  ou  mophological  examinatioQ  alone.  But  the  greater  variety 
in  tbe  developmental  stages  of  the  tnbereiilouB  foci  which  may  be  found  in 
a  single  indlvidnal ;  the  grouping  of  the  lesions  in  a  manner  indicative  of 
local  infections,  and  in  the  liwt  report  tbe  demonstrtation  of  the  presence 
of  the  tubercle  bacillus,  will  uHUally  suffice  to  distinguish  the  tuberculous 
from  the  syphilitic  lesion,  even  without  recourse  to  the  clinical  history.' 
For  further  details  regarding  syphilitic  lesious  of  the  viscera  see  Part 
III. 


BbinoscUroma. 

This  disease,  wLicb  occurs  especially  in  easteni  Europe  aud  occasionally  in  other 
parts  of  the  world,  is  a  chroaic  inliammation  of  tlic  Dasal.  pharyngeal,  and  laryugeal 
mucous  membrane.  Id  this  InQammation  a  diffuse  or  nodular  formalioD  of  new  tissue, 
somewliat  resembling  granulation  tissue,  occurs,  which  tends  to  assume  a  dense  cicatrix 
cial  character. 

Constantly  associated,  it  is  said,  n-itb  this  lesion  is  a  bacillus  called  BaeiUui  rhino- 
telerontatU,  This  bacillus  in  most  of  its  motphoiogical  and  biological  characters  closely 
resembles  the  pneumobacillus  of  Friedlander.  growing  readily  on  the  common  culture 
media  and  developing  a  capsule,  and  it  may  be  identical  with  it. 

The  relationship  of  this  bacillus  to  the  lesions  of  rbinoecleroma  does  not  appear  to 
be  as  yet  definitely  established,  since  inoculations  in  men  and  animals  have  not  given 
pualtive  resulta. 

DIPHTHSBZA. 

Diphtheria  is  an  acute  infectious  disease  incited  by  the  SaciUus  diph- 
therice  (LofBer),  and  usually  characterized  by  a  pseudo-membranous  in- 
fiammation  on  some  of  the  mucous  membranes  or  occasionally  on  the 
surface  of  wounds,  and  by  immediate  or  remote  effects  of  absorbed  toxic 
substances.     The  mucous  membranp.s  which  are   the  most  frequently 
afl'ected  in  diphtheria  are  those  of  tbe  tonsils, 
pharyus,  soft  palate,  uares,  larynx  and  tra- 
chea; less  frequently  those  of  the  mouth, 
gums,  conjunctiva,  oesophagus,  audstomsuib. 

Morphology  of  the  Li^ionij. 

The  local  lesions  in  mucous  membranes 
may  present  various  phases,  which  represent 
clinical  types  of  the  disease.  Thus  them 
may  be  a  simple  redness  of  the  affected  sur- 
faces which  leaves  no  trace  uft<'r  death,  or  na.  lai.- fibrin  im  diphtheritic 
there  may  be  a  smiple  catarrhal  iimaniina-  ^,„j,  K,^Rm,is. 
tion.      On    the    other  band,    in   the    mure 

marked  forms  of  the  lesion  there  may  be  a  fibrinous  exudate  which 
infiltrates  the  mucous  membrane,  or,  intermingled  \rith  pus  cells,  epi- 
thelial cells,  red  blood  cells,  bacteria,  and  granular  material,  forms  a 

'  For  critical  summary  of  syphilis  with  recent  bibliography  sec  Lang  and  UUmann 
in  Lubersch  and  Ostertag's  "Ergclmisw,"  Juhrg.  v.  for  1888,  p.  4B1. 

For  a  atudv  of  blood-vessel  changes  in  svpliilii  with  bibliography  sec  Abramoir, 
ZiegU-r's  Beilrflge.  Bd.  xxvi,,  p.  202. 
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thick  or  thin  pellicle  on  the  affected  surfaces  (see  Fig.  99,  p.  209).  This 
pellicle  may  andergo  coagulation  necrosis  (Fig.  132),  and  haud-in-hand 
vith  this  there  may  be  Baperficial  or  deep  necrosis  of  the  macous  mem- 
brane. The  false  membrane  in  diphtheria  is  thus  formed  by  a  combina- 
tion of  inflammatory  products  and  necrotic  tissue,  the  extent  of  the 
necrosis  and  the  amount  of  inflammatory  products  varying  in  difTerent 
cases.  The  membrane  may  disintegrate  or  exfoliate,  with  or  withont 
loss  of  tissue  iu  the  underlying  mucous  membrane.  Phlegmon,  abscess, 
and  cedema  are  liable  to  occur  as  local  complications. 


FIO.  133,— DIPHTHESITIC  INFLIMMATION  OV  THI  TONKLL. 

BtaowlDft  LOOIer's  bacilli  In  llie  pKudc-membniie. 

Adjacent  and  dis^nt  lymph-nodes  are  apt  to  be  swollen,  and  often 
show,  on  microscopical  examination,  endothelial -cell  hyperplasia  with 
small  foci  of  cell  necrosis  and  disintegration.'  Similar  foci  of  cell 
hyperplasia  with  necrosis  with  small  spheroidal-cell  accumulation  and 
fatty  degeneration  may  be  found  in  the  kidney,  spleen,  and  liver.  Al- 
buminous degeneration  in  the  kidney  and  acute  uepbritis  are  not  infre- 
quent. Small  heemorrbagic  foci  may  be  present  in  the  liver  and  kidneys. 
Degeneration  of  the  heart  muscle  may  occur.*  The  exact  nature  of  the 
ner\'e  lesions  which  may  be  associated  with  the  late  paralyses  of  diph- 
theria is  not  yet  clear,  but  degeneration  of  the  peripheral  nerves  and 
chromatolysis  of  the  ganglion  cells  occur,  indicating  the  action  of  an 
absorbed  toxic  substance  in  the  body  fluids.  Leucocytosis  may  be  pres- 
ent. 

'  Consult  WatMceml»rA,  Virch.  Archlv,  Bd.  ctix.,  p.  137.  ISOO. 

'  For  studies  of  the  lesiona  of  the  myocardium  in  diphtheria  consult  Seaglum.  Vir- 
chow'B  Arch.,  Bd.  cxivi,,  p.  115,  1896;  also  T/iatna*  aiid  Hibbard,  Reports  of  Bisston 
Ciiy  Hospital,  1900,  p.  204,  bibt. ;  for  a  study  of  nerve  lesloDS  with  bibl.  see  JiatUii, 
Pediatrics,  vol.  vii,,  p.  97,  1898;  also  Bainy,  Jour.  Path,  and  Bact.,  vol.  vi..  p.  435. 
1900.  Foracomprehen^ve  study  of  the  bacteriology  and  pathology  of  two  hundred 
and  twenty  fatal  cases  of  dlpblUcria  see  Couneilinan.  Malinry,  nnd  Penrce,  Jour.  Boston 
Soc.  Med.  Seience,  vol.  v.,  p.  139,  1900. 
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Catarrhal  broDchitis  aad  broiicbo-pnenmonia  or  simple  lobular  pnen- 
mouia  frequently  complicate  diphtheriticlesiousof  the  upper  air  passages 
and  fauces. 

Bacteriology  of  the  Disease. 

Although  bacteria  of  various  forms  are  commonly  present  in  the  false 
membrane,  and  some  of  tbem  penetrate  deeply  into  the  nnderlying  tissue, 
the  primary  and  specific  excitant  of  this  disease  is  the  Bacillus  diphtherite 
of  LofBer. 

In  man  the  diphtheria  bacilli  are  largely  confined  to  the  seat  of  local 
lesion,  and  sometimes  occur  here  iu  enormous  numbers,  especially  in  the 
older  layers  of  the  pseado-membrane  (see  Fig.  133).  But  they  may 
become  widely  distributed  through  the  body.  This  appears  t«  be  espe- 
cially the  case  when  the  pyogenic  cocci  are  associated  with  the  diphtheria 
bacillus  at  the  seat  of  local  lesion.  The  systemic  effects  in  diphtheria 
appear  to  be  largely  due  to  the  absorption  into  the  body  of  toxic  material 
elaborated  locally  by  the  germs.  Septictemia  or  acute  visceral  inflam- 
mations, particularly  of  the  kidney,  may  occur  without  evidence  of  an 
external  local  lesion  or  of  the  portal  of  entry  of  the  bacillus.' 

CONCURKEST   INFECTIONS. 

The  very  frequent  association  of  the  pyogenic  cocci  and  other  bacteria 
with  the  diphtheria  bacillus  gives  rise  to  a  series  of  changes  which  make 
the  clinical  picture  and  the  lesions  of  diphtheria  sometimes  very  com- 
plex.    Thus  the  complicating  bronchitis  and  broQcho-pueumouia,  aa  well 
as  pysemic  symptoms  and  lesions,  may  be  dne  to 
the  diphtlieria  bacillus  alone.     But  these  sec- 
ondary lesions  may  be  due  to  the  presence  in 
the  psendo-membnuie,  and  the  entrance  into 
the  deeper  air  passages  and  the  blood,  of  Strep- 
tococcus pyogenes,   Staphylococcus  pyogenes, 
Diplococctts  lanceolatus,    Bacillus    coli    com- 
munis, and  other  l>acteria,  or  of  these  together    pio.  iw.- bacillcs  dipbib»- 
with  the  diphtheria  baeiilus."  "'*- 

Ch.r.ct.r.  of  th.  Biphth.™  B.cUlu..  "iHltSsHij 

Tills  OTgauism,  first  described  and  deHoitely  as80cl- 
aWd  with  this  <liseiiBe  by  LOtller.   is  a  BlvDdcr  rod.  in 

gcDenil  about  3  /i  long,  but  somctiDics  sitortcr  aud  Bometlmes  growing  into  Uireads. 
It  occasionally  grows  in  branching  forma,'  and  la  cliaracteriied  morphologically  by 

'  For  a  ritmme  and  blbiiography  of  studies  relating  to  diphliieritic  septictEmla  see 
Brown  and  Thiry,  Gazette  des  Hopltaux,  May  2d,  4th,  and  9tli,  1899. 

'  For  a  study  of  the  presence  and  action  of  tlie  dipliUieria  tMcilli  in  the  liings  see 
Flexner  and  Andermin,  Jolins  Hopkins  Hospital  Bulletin,  vol,  ix,,  p.  73,  1808. 

For  a  summary  of  tl»e  association  of  diphtberia  and  tuijcrciiIosiH  see  Councilman, 
Mall/ny,  ajtd  Pfirce.  reference  above. 

'Tlie  brandling  forms  which  are  occasionally  observed  In  the  dipblbcria  as  well  as 
in  the  tubercle  Iwcillus,  together  wiih  certain  oilier  cliaracters,  liave  leii  some  observers 
to  the  belief  that  these  organisms  are  related  U>  streplotlirix  and  to  tlie  moulds  rather 
than  to  tliu  bacteria.  But,  for  the  present  at  least,  it  seems  wiser  lo  consider  it  iu  its 
more  generally  acknowledged  relationships. 
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marked  frregularltiea  in  its  form  (Fig.  184).  While  tbe  typical  fonn  la  that  of  a 
round -ended,  atroigbt,  or  sIlgLtly  curved  bacillus,  H  is  very  apt — perhaps  oa  a  re- 
sult of  degeneration — to  appear  club-shaped  or  pointed  at  the  ends,  irregularly  seg- 
mented, and  to  develop  at  the  ends  or  elsewhere  a  strongly  refractile  material  which 
stains  more  deeply  than  the  rest  of  tlie  protoplasm. 

The  dipbiberia  bacillus  Is  immobile,  asporogenous,  grows  best  at  blon<l  beat,  and 
thrives  on  most  of  the  artificlBl  culture  metlia.  In  fluids  il  may  be  killed  by  an  expos- 
ure of  ten  minutes  to  a  temperature  of  58'  C. :  but  it  may  remain  alive  for  weeks,  or 
even  months,  in  fragments  of  dried  membrane.  It  may  be  stained  with  LiJffler's  alka- 
line metliyleoe-bluc  solution  or  by  Gram's  method. 

It  is  subject  to  extreme  variations  in  virulence,  forms  occurring  which  with  all  the 
usual  cultural  characteristics  are  not  at  all  virulent.' 

Action  of  tbe  Bacillus  in  Animals. 

Inoculations  of  virulent  cultures  subcutaneously  in  gulneu-plgs  are  followed  by  a 
localized  hemorrhagic  <E<lema  with  a  variable  amount  of  whitish  exudate.  Deatli  usu- 
ally occurs  in  from  two  to  five  days.  In  addition  to  the  local  lesions  there  may  be — but 
this  is  not  constant — swelling  of  the  adjacent  and  of  the  abdominal  lymph-nodes,  serous 
enusions  into  the  pericardial,  pleural,  and  peritoneal  sacs:  swollen  spleen,  albuminous 
and  fatty  degeneration  in  the  liver,  kidney,  and  heart  muscles;  congestion  and  some- 
times hemorrhage  of  the  suprarenals.  Microscopical  examination  shows,  in  a  consider- 
able proporrion  of  cases,  fragmentation  of  nuclei  and  other  evidences  of  cell  death  at  the 
seat  of  inoculation  and  in  tlie  viscera,  as  well  as  cbromatolysis  of  ganglion  cells  in  the 
anterior  horn.  Animals  which  survive  the  inoculations  may  later  develop  paralysis, 
and  a  simihir  result  may  follow  the  injection  into  rabbits  of  culture  fluids.  The  bacilli 
do  not  usually  gain  access  to  the  body  at  large,  but  may  be  found  at  the  seat  of  inocuU- 
tions.  Inoculation  into  the  mucous  membranes  of  rabbits,  pigeons,  and  certain  other 
animals  may  result  in  the  development  of  a  pseudo- membrane  somewhat  resembling 
that  of  the  disease  in  man. 

Diphtbaria  Toxin  and  Antitoxin  and  Diagnosis. 

We  have  already  considered  the  action  of  antitoxin  on  page  175  and  need  not  dwell 
upon  it  here.  For  methods  of  the  manufacture  and  tests  of  antitoxin,  consult  Park, 
"  Bacteriology  in  Medicine  and  Surgery." 

For  details  of  bacterial  diagnosis  consult  works  on  bacteriology  or  clinical  path- 
ology. 

The  agglutinative  reaction  of  the  diphtheria  bacillus  is  not  sufficiently  definite  to 
permit  of  ita  use  in  diagnosis. 

It  Is  important  from  tbe  propbylaclie  standpoint  to  remember  tliat  the  Bacillus 
dlphtberiie  may  remain  alive  in  tlie  mouih  of  the  human  subject  for  many  weeks  after 
recovery  from  the  local  lesions  of  the  disease,  and  also  that  healthy  persons  when  the 
disease  is  prevalent  may  harbor  the  virulent  bacilli  in  their  mouths.' 

I  For  a  study  of  varieties  of  the  B.  diphtherite,  see  Witiiamt,  Jour.  Med.  Research, 
vol.  vlll..  IM3,  p.  88;  see  also  for  full  summary  of  studies  on  the  diphtheria  bacillus 
and  its  to»ins,  Beck.  Kolle  and  Wassermonn'a  "Handbuch  der  Mikroorganismen,"  Bd. 
ii,,  p.  7S4. 

'  See  for  a  study  of  the  diphtheria  bacillus  in  the  mouths  of  healthy  persons  and 
those  expired  to  the  disease  OraJutm-Smilh,  Jour,  of  Hygiene,  vol.  Hi.,  p.  216,  bib). 
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OUicir  Bacteria  of  tlia  Diphtliena  Bacillus  Oratip. 

Wbile  the  dipbtberla  bacillus  varies  greatly  in  tbe  physiological  capacities  which 
determlDe  ilfl  virulence,  its  general  morphological  and  cultural  charactetislics  are  fairly 
constant.  There  are,  however,  non-virulent  bacilli  occurring  on  mucous  membranes 
under  normal  as  well  as  abnormal  conditions  which  considerably  resemble  this,  but 
which  differ  somewhat  in  both  morphological  and  biological  cliaraclers  from  the  trae 
diphtheria  bacillus  and  its  variants.  Such  organisms  have  been  called  pgeudo-diph/Jiiria 
bacilli.  These  non-virulent  forms  may  be  regarded  as  attenuated  varieties  of  the  diph- 
theria bacillus. 

Tlie  so-called  Xeromt  baeillu*.  which  has  been  repeal«dly  found  In  xerosis  conjunc- 
tivtp,  is  apparently  a  member  of  the  diphtheria  bacillus  group. 

TETAmrS.    {Lockjaw.) 

This  disease,  which  is  especiall;  marked  clinically  by  muscnlar  spasm, 
is  dae  to  infection  by  the  Bacillus  tetani.  This  oi^nism  is  rather  wide- 
spread and  in  some  places  very  abundant,  occurring  with  other  germs  in 
the  soil,  especially  in  manured  soil,  and  gaining  entrance  to  the  body 
through  wounds,  which  are  often  very  slight.  The  soil  in  certain  r^ions 
appears  to  harbor  in  especial  abnndauce  the  tetanus  organism  or  its 
spores.  Thus  in  certain  districts  on  Long  Island  and  in  New  Jersey 
slight  injuries  are  frequently  followed  by  tetanus.  The  liability  to  in- 
fection from  the  spores  is  greatly  enhanced  by  their  association  with 
other  organisms  or  with  dirt,  splinters,  etc.,  in  the  wound. 

The  Lesions  of  the  Dibeabk 

The  local  lesion  in  tetanus  is  usually  slight  and  not  characteristic, 
often  consisting  only  in  a  slight  suppuration. 

The  morpholi^y  of  the  lesions  of  the  nervous  system  to  the  existence 
of  which  the  symptoms  of  tetanus  so  directly  point  is  yet  obscure.  Over- 
filling of  the  blood-vessels,  cellular  e.xndate  into  the  perivascular  spaces, 
chromatolysis  of  the  ganglion  cells  of  the  spinal  cord  are  common.  The 
bacillus  remains  for  the  most  part  at  the  seat  of  local  lesion  and  induces 
its  effects  by  the  elaboration  of  a  most  intense  poison  or  toxin,  called 
tetano-toirnn.  The  action  of  this  toxic  substance  appears  sometimes  to 
continue  in  the  body  after  the  death  of  the  organisms  which  have  elabor- 
ated it.  This  infections  disease  ajfords  a  most  typical  example  of 
toxeemia. 

Chaiactera  of  tbe  Baclllua  TetanL 

It  is  rather  long,  slender,  and  motile,  often  growing  in  pairs  or  threads  and  prone 
to  develop  a  spore  in  one  end  (Pig.  180),  in  which  condition  tbe  bacillus  is  larger  at  this 
end,  being  club-  or  racKe  I -shaped.  It  Is  readily  stained.  At  tbe  room  temperature  it 
grows  on  artlflcifll  culture  media,  and  Is  strictly  anaerobic,  flourishing  in  an  atmosphere 
of  hydrogen.  It  Buidifles  gelatin  after  sending  out  into  it  irregular-shaped,  ray-like 
outgrowths. 

The  spores  of  the  tetanus  bacillus  are  very  resistant  to  drying,  to  heat,  and  to  vari 
OUH  chemical  disinfectants. 
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Characteristic  tetanic  symptoms  followed  by  death  may  be  JDduced  In  mice,  guinea- 
pigs,  and  rabbits  by  subcutaneous  utoculation  of  cultures.  Man  and  the  horse  are 
markedly  susceptible  to  tetanua ;  birds  are  as  a  rule  insusceptible.  If  the  tetaouB  ba- 
cillus be  grown  in  nutrient  broth  at  blood  beat  out  of  contact  with  oxygen  the  toxin  is 
developed  and  mingles  with  the  fluid.  This  toxin  wlien  freed  from  living  germs  is 
capable  of  inducing  the  symptoms  of  the  disease.  Brotb  cultures  may  after  some 
wue)(B  have  acquired  such  an  extreme  intensity  that  tbe  dried  poisonous  material,  sep- 
arated from  the  inert  fluids  and  partially  purified,  may  be  fatal  to  a  mouse  weighing  15 
gm.  in  a  dose  of  0.00000005  gm.  Estimating  according  to  the  relative  weights  of  the 
subjects,  the  miuimal  fatal  human  dose  would  be  about  0.00023  gm.  This  toxia  is  ren- 
dered inert  by  a  temperature  above  03°  Ci  and  by  light. 

Tetanus  Antitoxin. 

By  procedares  similar  to  those  described  in  diphtheria  immunization 
(p.  1T5),  the  tetanns  toxin  has  been  used  tosecnre  artificial  immunity  in 
dogs,  goats,  and  horses,  and  here  also  the  blood  serum  of  the  immunized 
animals  has  been  prepared  and  employed  in  man 
^^ri^  for  therapeutic  purposes  with  some  degree  of  suc- 

cess.    The  theoretical  promise  of  the  tetanus  an- 
titoxin for  therapeutic  purposes  in  man  is,  how- 
ever, in  practice  rendered  in  large  measure  futile, 
because  the  existeuce  of  the  disease  is  not  recog- 
-bacilleb  TBTiNi.     sizable  until  the  toxiemia  is  sufficiently  marked  to 
produce  the  nervous  symptoms,  at  which  time  an 
enormous  and  not  easily  determined  dosage  is  re- 
quired to  neutralize  or  counteract  the  effects  of 
the  already  elaborated  poison.     Statistics  are  as  yet  too  meagre  to  jus- 
tify  a  final   opinion  as  to  the   practical   value  of  serum  therapy  in 
tetanus,  but  it  appears  to  be  definitely  useful.' 

For  purposes  of  diagnosis  it  may  be  necessary  to  inoculate  a  wbit«  mouse  at  tbe 
base  of  the  (ail  with  suspicious  material  at  the  same  time  ttiat  morphological  examina- 
tion and  anaerobic  cultures  are  made.  Should  tetanua  develop  in  the  mouse  witliiu  a 
few  days  control  cultures  may  be  made  from  tbe  exudate  at  tbe  scat  of  inoculation.' 

Othar  Bacilli  of  the  Tetanua  Group, 

Beveral  bacterial  species  arc  already  known  which  may  be  classed  in  tbe  tetanua 
group.  Wliilc  varying  in  size,  these  bacilli  are  in  general  rather  large:  spores  form  m 
their  thickened  ends:  they  are  facultative  ana8rol>cs;  some  do,  others  do  not  fluidify 
gelatin,  and  they  retain  tlie  slain  by  Oram's  metbod.  They  are  mostly  saprophytes 
and  have  been  found  in  milk  and  milk  products,  in  excrement  and  sewage,  etc.  None 
are  known  to  be  pathogenic  in  man.  The  most  noteworthy  among  these  is  Saeillu* 
pseiido-letaniefis,  Sanfelice,  which  in  morphology  and  growth  characters  resembles  the 
Bacillus  tetani.  but  it  does  not  form  the  toxin. 

'  For  a  eriiicat  ramnii  of  tetanus  and  its  treatment  with  tiie  antitoxic  serum,  with 
bibliography,  see  MoKheoaib,  Annals  of  Surgery,  vol.  xxxii.,  p.  319,  1900. 

•  For  remiToi  of  characters  of  the  letanns  tMcillus  and  its  toxin  sec  run  LingelehHm, 
Kolleand  Wassemiann's  "Ilandbucb  der  Mikroorgauianicn,"  Bd.  ii.,  p.  686. 
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BBULPBINO    FXVBR.      (Typhiu    Becurreiis;    fuuine    FATar;    BpiriUum 
Paver;  Savan  Day  Favar.) 

The  lesions  which  may  be  present  in  this  disease  are  not  distinctive. 
It  is  characterized,  apart  from  c^mptoms,  by  the  presence  in  the  blood 
at  certain  periods  of  a  spiral  bacterium  discovered  by  Obenneier  in  1873. 


Tee  Lesions  of  the  Disease. 

There  may  be  albuminous  degeneration  in  the  viscera,  leucocytosis, 
catarrhal  or  croupous  Inflammation  of  the  mucouB  membranes  of  the  res- 
piratory and  digestive  organs,  ecehymoses  in  the  skin  and  in  the  mucous 
and  serous  membranes.  There  may  be  pneumonia  and  pleurisy,  degen- 
eration of  the  cardiac  muscle,  hyperplasia  of  the  mesent«ric  lymph-nodes. 

The  Spleen  may  be  large  and  flabby,  this  change  being  so  extreme  that 
rupture  has  occurred  during  life;  it  may  also  be  the  seat  of  infarctions, 
and  these  have  given  rise  to  peritonitis. 

Character*  of  the  Spirochfete  ObermeiarL 

In  the  blood  of  all  parts  of  the  body  during  the  febrile  attacks  may  be  found,  I 
very  large  numbers,  a  long,  slender  spirillum  calle<l  from  its 
tneieri  (Fig.  13fl).  Tbe  organisms  disappear  from  the  blood 
during  tbe  afebrile  intervals,  and  it  liaa  been  sliown  that 
at  this  time  they  accumulate  in  the  spleen,  where  they  are 
destroyed  in  large  numbers,  apparently  through  the  action 
of  phagocytic  cells.  The  organism  is  from  14  to  40  /» in 
length,  and  performs  rapid,  undulating  movements. 

The  inoculation  of  healthy  men  and  of  mon- 
keys with  the  blood  of  relapsing-fever  patients 
which  contains  the  bacteria,  induces  a  similar     ""■  ^"^"^"."S^"*"'  """" 
disease.     Pure  cultures  have  not  as  yet  been 

made  of  these  bacteria,  but  for  the  reasons  indicated,  and  since  the  or- 
ganism has  never  been  found  except  in  connection  with  the  disease,  there 
is  every  reason  for  belie\'ing  that  the  Spiroehtete  Obenneieri  is  the  exci- 
tant of  relapsing  fever. ' 

Halta  Fever. 

This  disease,  which  has  been  most  frequently  observed  along  the  shores  of  the 
Mediterranean  and  in  India,  is  characterized  by  prolonged  pyrexia  with  irregular  re- 
missions. In  the  rather  rare  fatal  cases  there  may  be  considerable  enlargement  of  the 
spleen,  albuminous  degeneration  in  the  liver  and  kidneys.     Acute  nephritis  may  occur. 

It  is  said  that  there  are  constantly  present  in  the  spleen  in  this  disease  small  cocci 
stained  by  Gram,  readily  cultivated  on  artillctal  media.  The  result  of  inoculations  of 
pure  culture  Into  monkeys  and  other  animals  tends  to  confirm  the  pathogenic  signifi- 
cance of  the  organism,  which  has  been  called  Microcoeeui  meliteiMii. ' 

'For  resume  and  Wbl.  see  Wladirairoffia  Kolle  and  Wassermann's  "Handbuch  dor 
Mikroorganismen."  Bd.  Hi.,  p.  75,  1908. 

'' Cnasah  Bin  nnil  Lnmb.  Lancet,  1899.  ii,,  p.  701,  bibl. 
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BUBONIC   Pl^aVE.    (Oriental  Plague  ;  Black  Death.) 

Typei  of  the  Duea«.— This  diseafle  presents  three  main  types — the  bu- 
bonic, pulmonary,  and  septiciKmic. 

The  most  common  is  the  Intbon-k,  which  is  characterized  by  an  intense 
inflammatory  hyperplasia  of  the  lymph-nodes,  most  freqaently  the 
gainal  or  axillary.  The  surronnding  tissue  may  be  involved;  btemor- 
rbage,  necrosis,  or  suppuration  in  the  nodes  may  occur.  Coincident 
these  local  reactions  there  may  be  albuminous  d^eoeratiou,  focat  necro- 
sis, and  leucocytosis  from  toxemia,  or  secondary  foci  of  inflammation 
the  spleen  or  lungs  or  liver.  A  second  type  of  the  infection  is  the  pal- 
monarg,  in  which  larger  or  smaller  areas  of  the  lungs  are  involved  in 
broncho -pneumonia  with  associated  secondary  involvement  of  the  bron 
chial  lymph-nodes.  In  the  septictemic  type  of  bubonic  pl^ue  there  may 
be  a  general  involvement  of  the  lymph-nodes  and  nodules  of  the  body 
with  the  marks  of  toxaemia,  without  an  indication  of  the  point  of  primary 
infection. ' 

In  all  these  various  phases  of  the  disease  the  pl^ne  bacillus  may  lie 
present  often  in  enormons  numbers  in  the  primary  buboes  and  in  the 
secondary  lesions  and  in  the  viscera ;  in  the  consolidated  areas  and  in  tjie 
sputum  in  the  pulmonary  type,  and  in  the  septicemic  phases,  in  the  blood. 

Oharactera  of  th«  Plague  Bacillua. 

The  plague  bacillus  was  discovered  in  18M  by  Kltasato  and  Yerain,  and  iU  role  as 
the  excilantof  thedisease  wae  soon  establiHtied.  It  isa  abort,  thick,  motile,  round-ended 
bacillua.  often  staining  more  deeply  at  llie  eoda  tlian  in  the  middle.  It  aonietimea 
grows  in  chains  and  may  be  eapsiilaMHi,  not  forming  spores;  it  is  decolorized  by  Oram's 
method.  It  grows  readily  though  not  voluminouBty  on  the  ordinary  culture  media  at 
blood  beat.*  This  orgaoiam  ia  killed  by  drying  for  a  few  days  and  by  exposure  to  sun- 
liglit  for  a  few  hours.  Subcutaneous  Inoculation  in  guitu^-pigs  and  rabbits  is  followed 
by  local  hemorrhagic  and  serous  inflammation  with  typical  involvement  of  the  regional 
lymph-nodea  and  by  aeptlcsemia.  Death  may  follow  fn  from  one  to  Atb  ot  rix  days 
with  albuminous  degeneration  of  tlie  viscera,  byperplaala  of  the  spleen,  and  |)etechia1 
bemoirhagee. 

FortaU  of  Entry. — The  chief  portals  of  entry  in  man  are  abrasions 
or  wounds  of  the  skin,  the  lungs,  and  the  intestines.  The  spread  of  the 
infectious  material  in  overcrowded  and  nnsanitary  districts  may  readily 
take  place  by  rats,  which  are  very  susceptible  to  the  disease  and  may  l>e 
iufected  by  feeding.  Throngh  mosquitoes  and  flies  also  the  bacilli  may 
be  conveyed  from  man  to  man  or  from  dead  rats  or  their  dejecta  to  man. 

PreventiTe  InooolatioB  has  been  largely  practised  iii  the  East  by  the 
Haifkine  method.  Tliis  consists  iu  the  subcutaneous  injection  of  beef- 
tea  cultures  of  the  plague  bacillus,  which  have  been  killed  by  heating. 
Moderate  local  inflammatory  reaction  and  slight  fever  may  follow  the 

'  For  a  Tetiime  of  leaiona  of  plague,  aee  Fl&rnei;  Trans.  Aaan.  Am.  Phya.,  vol.  xvi., 
p.  4fll. 

'See article  by  Ditiidonni  in  Kolle  and  Waasermann's  "Handbuch  der  Mikrour- 
ganismen."  Bd.  il-  p.  475. 
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injection.     The  stiitistics  se^m  to  indicate  that  among  exposed  persons 
the  mortality  may  be  considerably  reduced  by  this  preventive  inoculation. ' 
An  anti-pl^ne  sernm,  prepared  by  the  immunization  of  horses,  has 
been  used  by  Yersin  with  at  least  promising  resolts.* 


HLBHOBBHAGIC  BBPTICSKIA. 

TTiereare  several  bftdlli  which  may  be  classed,  as  is  ilone  tiy  Hueppe,Kruse.  and  others, 
with  the  plague  bacillus  unchr  Ihe  deaigQatioD,  the  kirmorrhagit  nepltarmia  grmip.  These 
Are  mostly  sidaII,  short,  sporeless  forma  groniDg  readily  on  the  ordinary  media  as  facul' 
tative  anaerobes.  Dot  fluidifying  gelatJD  and  decoloriziag  by  Oram.  Some  of  these  are 
motile,  others  not.  AmoDg  these  may  be  meutloned  (he  bacillus  of  mouse  typbus  (B. 
typhi  murium),  the  bacillus  of  hog  cholera  (B.  suipesiifer),  the  bacillus  of  chicken 
cholera  (B.  cholerie  gallinarum),  tlie  bacillus  of  swine  plague  (II.  suisepticus).  Several 
Species  related  to  these  and  to  the  plague  lucillus  are  pathogenic  in  man;  thus  Ibe 
B.  turmorrhagiem  uptii^vs  of  Babes,  the  B.  hamorrkagictit  of  Kolb,  the  B.  lurm»iThagieii» 
Deltnotii*  of  Tizzoni  and  Giovanni. 

The  recognition  of  these  and  related  species  may  be  of  especial  signifleance  in  con- 
Dection  with  the  diagnosis  of  bubonic  plague  by  cultures  and  animal  InoculationN.' 

Bacillus     Aebogenes    Capsulatus     (Bacillus     Welcbii,     Gab 
Bacillus), 

This  bacillus  was  described  in  1891-92  by  Welch  and  Xuttall.  Later 
studies  of  Welch  and  Flexner  and  many  others  have  confirmed  the  orig- 
inal belief  that  the  bacillus  is  a  frequent  excitant  in  man  of  a  serious  in- 
fectious disease,  characterized  by  a  local  or  widespread  serous  and  em- 
physematous phlegmonous  inflammation,  frequently  associated  with 
gangrene  and  general  symptoms  of  a  profound  toxeemia. 

The  Bacillus  aerogenes  is  rather  large,  on  certain  media  spore  form- 
ing, is  often  capsulated,  and  occasionally  forms  chains.  It  retains  the 
stain  by  Gram's  method.  It  is  anaerobic,  growing  readily  in  a  variety 
of  artificial  culture  media. 

Babbits  are  not  susceptible  to  eveu  lai^e  intravenous  injections  of 
pure  cultures.  But  if  they  be  killed  soon  after  such  inocniation,  within 
a  few  hours,  at  room  temperatures,  an  abuudant  development  of  gas 
occurs  throughout  the  body.  On  the  other  hand,  the  subcutaneous  in- 
jection of  a  very  small  quantity  of  the  fresh  oedematous  exudate  is  fol- 
lowed by  the  typical  local  and  general  marks  of  infection.  Guinea-pigs 
are  more  susceptible  thau  rabbits  to  inoculation,  either  with  cultures  or 
fresh  material,  and  develop  characteristic  lesions. 

TftTiile  iufection  may  occur  without  gas,  in  most  cases  before  death 
and  especially  after,  there  is  an  abundant  formation  of  gas  iu  the  tis- 
sues. This  is  lai^ely  hydrogen  formed  through  the  splitting  by  the 
bacillus  of  either  sugar  or  proteids.     While  the  gas  may  be  present  in 

'  For  summary  of  result  of  the  Haffklne  method  see  Forgyth,  Lancet.  December 
12th,  1903;  also  Slaughter.  Johns  Hopkins  Hospital  Bull.,  vol.  xiv..  1903,  p,  307, 

'Critical  summary  and  bibl.,  Nflter,  Arch,  de  M6d.  exp..  t.  xii.,  p.  86,  1900. 

'Forstudieson  various  forms  of  htemorrhagic  infection  set'  Babei,  Verb.  d.  deuls<:hen 
path.  Oesellschaft,  Bd.  ii..  p,  263,  1900;  also  A'jW,  Kolle  and  Wassermann's  "Handbuch 
der  Mikroorganlsmcn,"  Bd.  Ii..  p.  5S9. 
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any  of  the  tissues,  in  the  body  cavitieB,  and  in  the  blood-vessels,  it  is 
especially  in  the  liver  after  death  that  the  marks  of  gas  accumulation 
are  most  striking.  This  organ  may  be  riddled  ^^th  small  boles,  present- 
ing an  appearance  which  has  been  characterized  a6'"foamy  liver"  (Fig, 
371,  p^e  608). 

Infection  may  occur  through  wounds  or  injuries  in  any  part  of  the 
body.  It  has  been  frequently  observed  in  pregnant  and  puerperal 
women.  Ulcers  of  the  stomach  and  intestine,  or  the  urinary  tract,  may 
be  portals  of  entry.  One  of  the  more  common<forms  of  local  infection 
is  the  so-called  gaseous  phlegmon  or  emphyBematons  gangrene.  Pul- 
monary and  pleural  lesions,  appendicitis,  and  peritonitis  are  described 
as  well  as  gaseous  abscesses  and  purulent  meningitis.  While  the  usual 
action  upon  the  tissues  is  the  induction  of  bloody  oedema  and  necrosis, 
this  bacillus  is  also  occasionally  pyi^;enic. 

The  natural  habitat  of  the  oi^anism  is  the  soil  and  the  intestinal  canal. 
This  accounts  for  the  relative  frequency  of  infection  through  the  intes- 
tinal and  genito- urinary  tracts  and  through  wounds  contaminated  with 
dirt. 

Infection,  esi)ecially  from  the  intestinal  canal,  may  apparently  occur 
during  the  later  hours  of  life,  with  or  without  symptoms  and  with  a  post- 
mortem formation  of  gas.  It  is  often  difficult  to  determine,  since  gas 
formation  occurs  so  early  and  so  extensively  after  death,  whether  the 
entrance  has  or  has  not  been  effected  during  life.  It  seems  fair  to  infer, 
as  the  result  of  animal  experiments,  that  when  the  gas  formation,  even 
after  death,  is  widespread,  ante-mortem  infection  had  occurred. 

Concurrent  infection  with  other  ot^uisms,  especially  the  pyc^nic 
cocci,  is  frequent. 

Welch  and  Nuttall  early  called  attention  to  the  importance  of  recog- 
nizing the  possibility  of  infection  with  this  bacillus  in  judging  of  a  cer- 
tain class  of  cases  of  alleged  air  embolism. 

It  is  probable  that  the  Bacillus  aerogenes  capsulatus  is  identical  with 
fonus  which  have  been  described  under  various  names  in  connection  with 
cases  of  gaseous  phl^mon,  or  so-called  malignant  oedema. ' 

Bacillua  iSdetaatU  Hftligni. 

The  bacillus  of  maligoant  (edema,  which  is  frequently  present  (d  dust,  in  putrefy- 
ing substances,  and  in  soil,  considerably  resembles  the  Bacillus  aCrogenes  capsulatus  both 
in  its  morphologicai  and  biological  cbatacters.  It  is.  however,  more  sleuder,  and  more 
apt  to  form  threads:  spore  formation  occurs  readily  in  the  onlinary  media.  It  decol- 
orizes partially  by  Gram's  method.  Other  differential  characters  are  to  be  made  out  in 
cultures.  It  is  an  excitant  of  hsnioirhagic  tEdema  in  animals,  but  with  slight  if  any 
development  of  gas. 

Other  Bacteria  which  May  Induce  Hsamorrba^c  Septicntnia. 

Nearly  related  to  the  Bacillus  aCrogenes  capsulatus  and  to  the  bacillus  of  malignant 
cedema  are  several  other  spore- fonning  anaerobic  bacilli  occurring  especially  in  the 
earth,  in  excrement,  and  in  various  rotting  substances.    Some  of  these  appear  to  be  of 
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pathogeoic  slgniflcance  In  the  luwer  animals  under  both  oalural  and  expeTimental  cnn- 
ditloDS. 

Thus  the  Quarter-tvil  (Rausch brand ;  charbon  Byroptomatique),  especially  id  Europe. 
Is  a  serious  iofectlous  disease  of  sheep,  goals,  and  cattle.  At  the  seat  of  infection,  often 
iu  tbe  legs,  there  isahffimoirhagictedenia  with  gas  formation,  the  involved  region  often 
becoming  much  swollen  and  black  in  color  ("  black  leg  "}.  The  bacillus  which  is  the 
excitant  of  this  disease  is  known,  and  preventive  inoculation  has  been  practised, 

Ilouvird  has  described  a  group  of  caaes  of  hainorr/iagic  tepti<^irmia  characterized  by 
htemoirhages  into  tbe  skin,  serous  membranes,  and  viscera,  in  which  capsulaled  bacilli 
apparently  related  to  the  above -described  bacillus  of  FriedltLnder  (page  189)  have  been 
found.  For  the  details  of  these  cases  and  Iheir  relationship  to  other  fonns  of  septlctemia 
we  refer  to  the  original  paper.' 


HTSBOPHOBIA.    (BftbiM.) 
Morphology  op  the  Lesions. 
This  is  an  infectious  disease  occurriiig  most  frequeutly  in  the  carni- 
vora,  and  especially  commoQ  in  d<^  and  wolves. 

The  lesions  are  uot  constant  nor  ai'o  they  characteristic.     Thongb 
well  marked  iu  some  cases,  in  others  they  are  but  very  slightly  developed. 


tia.  13T.— HVDItOFHOBIA,  TRANSVIRSK  SECTION   OF  8M*rL  BLOOD- VKSSELS  IN  THE  SPINAL  CORn. 

BboniDf  Rocumulallon  of  leucocylM  and  prolllermtlon  ol  conaecllTe-Usuie  cells  la  Ihe  adT«dtltla  ot  tlie 

Changes,  when  present,  arc  apt  to  be  most  proiiouuced  in  tbe  medulla 
oblongata  and  pons,  but  tbey  may  be  present  in  the  spinal  cord.  They 
consist  of  small  btemorrhagas,  acciunulation  of  leucocytes  in  the  peri- 
vascular lymph  spaces  about  the  blood-vessels  (Fig.  137)  and  around 
the  ganglion  cells,  of  thrombi  in  the  smaller  blood  vessels,  and  finally  of 
cbromatolysis  of  the  ganglion  cells. 

'  Howard,  Journal  of  Experimental  Medicine,  vol.  iv..  p.  149, 1899;  see  also  Biumtr 
and  Laird,  Johns  Hopkins  Hospital  Bull.,  vol.  xii.,  1901,  p.  45. 
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Beceutly  changes  have  beeu  described  in  the  intervertebral  ganglia 
and  in  the  plexiform  ganglia  of  the  pneumc^astric  nerve,  which,  al- 
though not  limited  to  rabies,  are  yet  so  frequently  present  as  to  be  ap- 
parently of  value  iu  diagnosis.  The  lesions  consist  in  degeneration  or 
atrophy  or  destruction  of  the  ganglion  cells  with  a  proliferation  of  the 
endothelial  cells  lining  the  capsule.' 

The  Excitant  of  the  Diseabe. 

While  there  is  reason  for  believing  that  hydrophobia  is  due  to  the 
introduction  into  the  body  of  some  special  form  of  micro-organism,  and 
while  the  recent  researches  of  Pasteur  and  others  have  brought  to  light 
many  interesting  and  important  facts  regarding  the  general  nature  and 
distribution  in  the  body  of  the  infectious  agent,  nothing  is  yet  definitely 
known  about  the  particular  organism  which  induces  the  disease. 

It  is  known  that  the  infectious  agent  is  in  the  saliva  and  salivary 
glands  of  rabid  animals,  and  that  it  may  t>e  present  in  the  saliva  of  the 
dog  from  three  to  five  days  before  the  symptoms  of  the  disease  appear. 
It  is  not  present  in  the  blood,  but  seems  to  be  especially  concentrated  in 
the  central  nervous  system  and  particularly  in  the  medulla  oblongata.  It 
is  readily  rendered  inert  by  corrosive  sublimate  and  other  germicides. 
It  resists  cold  even  to  —  20°  C.  but  loses  virulence  after  one  hour's  ex- 
posure to  50°  C. 

PkEVENTIVE  iNOtm-LATION. 

Notwithstanding  the  total  ignorance  of  the  micro-organism  concerned 
in  inciting  hydrophobia,  his  genius  in  wise  experiment  enabled  Pasteur 
to  establish  a  method  for  artificial  immunization  against  the  disease 
which  has  proved  moat  beneficent. 

After  obtaining  a  virus  of  high  and  definite  intensity,  which  was  ac- 
complished by  aseriesof  inoculations  beneath  the  dura  mater  in  rabbits  of 
portions  of  the  spinal  cords  of  rabid  animals,  it  was  found  that  by  dry- 
ing in  the  air,  spinal  cords  of  rabbits  having  definite  and  high  virulence, 
with  due  protection  against  aerial  contamination,  the  virulence  dimin- 
ished day  by  day.  With  virus  thus  obtained  of  virulence  ranging  from 
that  which  is  practically  inert  to  that  of  the  utmost  potency,  it  hiis  been 
found  possible  safely  to  accustom  both  animals  and  men  to  the  presence 
of  amounts  of  hydrophobia  virus  contained  in  the  spinal  cord  emulsion, 
which  under  ordinary  conditions  would  prove  speedily  fatal.  In  other 
words,  it  has  been  found  possible  to  confer  artificial  immunit}  against 
the  disease. 

This  process  occupies  several  days,  and  immunization  must  be  com- 
pleted before  the  disease  has  begun  to  manifest  itself ;  but  as  the  incuba- 
tion period  in  hydrophobia  is  a  long  one — the  average  is  about  forty  days 
— it  has  been  possible,  in  a  large  and  increasing  number  of  cases,  to  save 
the  lives  of  persons  bitten  by  rabid  animals. 

'  See  Bavead  and  McCnrtliy,  Univereity  Medical  Ma^doe,  vol.  xiii,  p.  766.  lUOl. 
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Diagnosis. 


Id  view  of  the  importaoce  of  di^nosia,  in  animals  which  have  died 
or  have  been  killed  under  suspicion  of  rabies,  the  spinal  cord,  medulla, 
and  ganglia  should  be  saved.  Portions  of  the  fresh  medulla  iu  watery 
emulsion  should,  if  possible,  be  inoculated  beneath  the  dura  mater  of  three 
healthy  rabbits,  and  the  development  of  rabic  paralysis  and  other  symp- 
toms awaited.  This  operation  for  diagnostic  purposes  should  be  done 
only  by  one  experieuctd  in  this  subject.  Other  portions  of  the  medulla 
and  cord  and  the  ganglia  should  be  hardened  in  Orth'a  fluid  and  alcohol, 
and  carefully  esamiued  for  gauglion-cell  lesions,  for  small  perivascular 
accumulatious  of  leucocytes,  and  for  changes*  in  the  spinal  ganglia.  The 
existence  of  thetie  iu  the  medulla  aud  cord  of  an  animal  suspected  of  rabies 
will  go  far  toward  confirming  the  suspicion. 

It  is  always  wise  not  to  kill  suspected  animals,  but  to  keep  them  un- 
der observation  in  confinement.  Rabies  being  always  fatal,  recovery 
from  a  suspicious  disease  excludes  it,  so  that  fnrther  protective  meas- 
ures may  be  clearly  uimecessary.  On  the  other  hand,  the  carefully  ob- 
served symptoms  of  a  suspected  animal  may  even  in  the  event  of  a  fatal 
termination  afford  valuable  evidence.  If  the  laboratory  for  diagnosis  be 
accessible,  it  is  well,  if  the  suspected  animal  should  die  or  t>e  killed,  to 
send  the  whole  animal  or  the  head  cut  off  low  down,  packed  in  ice.  Ckild 
does  not  rapidly  diminish  the  virulence  of  the  rabic  virus.  If  the  mate- 
rial is  to  be  transmitted  for  a  long  distance,  the  brain  of  the  animal  with 
the  medulla,  carefully  removed  to  avoid  contamination,  may  be  sent  in  a 
sterilized  bottle  containing  a  mixture  of  equal  parts  of  glycerin  and  water, 
which  has  been  sterilized  by  boiling  and  cooled.' 

TVPHUS    FBVBB.     (Hoapitel   Fever;   Spotted    Fever;    Jail   Fever;    Ship 
Fev«r ;  rtc.) 

This  highly  contagious,  infectious  disease  has  not,  so  far  as  we  kuow, 
any  characteristic  lesion  save  the  petechial  skin  eruption ;  but  after  death 
the  body  may  present  lesions  common  to  many  of  the  infectious  diseases. 

The  t>ody  has  a  tendency  to  rapid  putrefaction,  aud  the  Nood  is  often 
darker  and  more  fluid  than  is  usual  in  other  diseases. 

The  votantary  muscles  may  be  the  seat  of  waxy  and  albuminous  de- 
generation. The  6ram  and  its  membranes  may  be  congested ;  the  mucous 
membrane  of  the  pharynx  and  lari/nx  may  be  the  seat  of  catarrhal  or  croup- 
ous inflammation.  There  may  be  brouchitis,  broncho- pneumonia,  or 
hypostatic  congestion  of  the  lungs.  The  walls  of  tlie  heart  may  be  soft 
and  flabby. 

The  agminaied  nodules  of  the  ileum,  and  the  mesenteric  nodes  may  be 
swollen.  The  spleen  is  often  large  and  soft  from  hyperplasia.  The  kid- 
vpys  aud  liver  are  frequently  large  and  pale,  and  the  seat  of  albuminous 

H  see  Salmon,  16th 
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degeneration.  The  uature  of  the  iufective  ageut  in  typhus  ia  uuknowa 
Several  observers  have  recorded  the  finding  of  micro-oi^nismB  of  one 
kind  or  another  in  the  body  during  life  and  after  death,  but  proof  that 
any  of  these  are  excitants  of  the  disease  has  not  yet  been  furnished. 


t1ell0w  fxvsb. 

Lesions  of  the  Disease. 

This  infections  disease  is  without  characteristic  lesions  save  for  the 
hfemorrhages  and  pigmentation  in  the  skin.  Snch  other  lesions  as  com- 
monly exist  are  those  common  to  toxsemia.  The  following  conditions 
are,  however,  fre<iuently  present  after  death : 

Rigor  mortis  is  marked  and  occurs  early. 

The  brain  and  its  meninges  are  usually  congested.  The  skin  is  of  a 
yellow  color  from  the  presence  of  bile  pigment,  and  may  be  mottled  by 
ecchymoses. 

The  heart  is  of  a  pale  or  brownish-yellov  color.  Ite  muscular  fibres 
may  be  the  seat  of  fatty  d^eneration.     The  lungs  may  be  congested. 

The  Stomach  often  contains  a  characteristic  dark  fluid,  due  to  altered 
blood  pigment,  similar  to  that  which  is  vomited  during  life — black  vomit. 
Its  mucous  membrane  may  be  congested,  softened,  and  is  sometimes 
eroded.  The  intestines  are  dark-colored,  often  distended  with  gas,  and 
sometimes  contain  blood.  ■  The  liver  in  the  earlier  stages  of  the  disease 
may  be  intensely  congested.  More  frequently  it  contains  but  little  bloiMl, 
is  of  a  light-yellow  color,  and  the  hepatic  cells  show  the  changes  of  an  in- 
tense albuminous  degeneration,  often  much  more  marked  than  are  found 
in  any  other  disease  except  acute  yellow  atrophy  of  the  liver.  Areas  of 
focal  necrosis  may  be  present.     The  gall  bladder  is  apt  to  be  contracted. 

The  ^leen  shows  no  marked  changes.  The  kidneys  present  an  in- 
tense albuminous  degeneration.  The  tubules  usually  contain  masses  of 
hyalin  material. 

The  ExcrrANT  op  the  Disease. 

While  its  mode  of  occurrence  and  the  characters  of  its  symptoms  and 
lesions  afford  a  strong  presumption  that  yellow  fever  is  an  acute  iofec- 
tious  disease,  none  of  the  various  studies  which  have  been  made  upon  its 
etiology  have  as  yet  revealed  the  presence  of  any  micro-organism  which 
can  be  confidently  accepted  as  its  excitant. ' 

The  Mode  op  Infection. 

It  has  been  shown  by  Beed  and  his  colleagues,  Carroll  and  Agramonte, 
that  the  infectious  agent  in  yellow  fever  may  be  transmitted  by  the  sub- 

'  The  TBiious  studies  of  Sternberg,  who  Isolated  a  bacillus  which  he  called  "  Bacillus 
x,"  and  of  Sanarelli,  who  found  a  bacillus  which  he  named  BaeiUa*  icteroidet,  are  the 
most  noteworthy  eariieT  coDtributions  to  the  subject.  A  later  study  and  refereaces  to 
the  bibliography  oi  this  subject  may  be  found  in  an  article  by  B^  and  Carrolt,  Jour. 
Exp.  Med:,  vol.  v..  p.  215.  IBOO. 
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cntr.iieoiis  injection  into  a  healthy  iudividiial  of  a  smitll  quantity  of  blood 
drawn  from  a  patient  iu  the  early  stage  of  the  dineiise.  It  has  further- 
more been  shown  by  repeated  and  abundantly  confirmed  experiments 
that  yellow  fever  may  be  induced  in  a  non-immune  individual  bj'  the 
bite  of  the  mosquito — Stegomtfia — which  has  previously  bitten  a  patient 
iu  an  early  stage  of  the  disease.  Practical  sanitary  procedures  based 
upon  the  hypothesis  that  this  mosquito  acts  as  an  intermediate  host  in 
which  the  (unknown)  yellow-fever  parasite  passes  one  of  its  develop- 
mental cycles,  have  furnished  strong  evidence  that  it  is  through  the  inter- 
vention of  this  mos<juito,  and  thus  only,  that  the  disease  is  conveyed. 
For  it  has  been  possible,  by  the  prevention  of  access  of  this  mosquito  to 
yellow-fever  patients  through  the  use  of  netting  and  other  precautionaiy 
measures,  practically  to  suppress  the  disease  in  Havana,  where  it  was 
formerly  endemic,  and  to  stifle  epidemics  elsewhere. '  It  has  been  further 
demonstrated  in  the  most  conclusive  way  that  the  infectious  agent  in 
yellow  fever  is  not  conveyed  directly  through  the  air  o:-  by  fomites.' 

VABIOLA.     (Smallpox.) 
Smallpox  is  an  acute,  readily  communicable,  infectious  disease,  es- 
pecially characterized  anatomically  by  an  inflammation  of  the  skin  which 
passes  through  a  series  of  more  or  less  distinctive  phases  of  papule,  vesi- 


cle, pustule,  with  a  final  drying  of  the  exudate  and  necrotic  tissue  con- 
stituting the  crust. 

Various  phases  of  the  exanthem  are  used  to  designate  forms  of  the 


'  For  a  summary  of  observatioDS  relating  to  the  moaquito  as  an  iotennediBrv  Iiost 
of  tlie  infectious  organism  in  yt-llow  fever,  see  Reed.  Carroll,  and  Ayramonte.  Fliila. 
Med.  Jour.,  October  27tb,  1800;  also  Jour  Am.  Med.  Assn.,  February  16lb,  IflOl ; 
Amer  Med..  July  8tb.  IWl;  Omttrns.  Amer.  Med,.  Novemlwr  28d.  190!^  Dar/xim. 
Tliomraon  Yates  Laboratories  Report,  vol.  iv..  ISO!,  p.  485;  JUed  and  Cat^l.  Am. 
Med.,  February  22d.  1902;  also  Cnrroll.  Jour.  Am.  Med.  Assn.,  Ma;^  aSd,  180& 

'  For  a  brief  remme  of  tliu  reasons  for  the  belief  that  tbe  mosquito  is  the  sole  agen' 
In  tbe  conveyance  of  llie  infectious  agent  in  yellow  fever,  see  Carter.  Bull  of  the  Yel 
low  Fever  Institute.  Na  IU.  July.  19112.  Bureau  of  Public  Health  and  Marine  Hospital 
Bervice.  U.  B.  A.  For  a  description  of  the  mosquito  Stegomyia  tasciata  and  modes  of 
prevention  in  yellow  fever,  see  Reed  and  Carroll.  Med,  Rec.,  October  26th,  1901.  Fur 
tbe  bearing  of  tLis  subject  upon  quarantine  regulations,  see  Duly,  Med.  Rec.,  October 
26tli.  1001, 

18 
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Secondary  lesions  are  diffuse  suppurative  inflammation  of  the  skin, 
congestion,  inflammation  and  ulceration  of  tbe  mucous  membranes, 
hffimorrhagea  in  various  parte  of  the  body,  swelling  and  ulceration  of  the 
lymphatic  tissues,  albuminous  degeneration  of  the  kidney,  liver,  and 
spleen,  and  leucocytosis. 

Tbe  Bkin  lesion  shows  in  general  at  first  circumscribed  areas  of  in- 
flammation above  the  ends  of  the  papillfe,  with  the  development  of  a 
fluid&lled  reticulum,  so  that  vesicles  more  or  less  nmbilicated  are  formed 
(Fig.  138).  These  at  first  contain  a  clear  fluid,  but  by  the  gathering  of 
pus  cells  the  fluid  becomes  turbid  and  accnmutates  to  form  a  pustule. 
Hand-in-hand  with  these  changes  tbe  papillic  and  adjacent  layers  of  the 
corium  may  become  infiltrated  with  cells.  The  contents  of  the  pustules 
and  the  necrotic  tissue  above  dry  and  form  the  crusts.  When  the  changes 
are  lai^ely  confined  to  the  epidermis  the  lesion  may  leave  no  deformity. 
But  if  the  changes  in  the  cutis  are  considerable,  cicatricial  tissue  may 
form,  leaving  scars.  The  association  of  local  haemorrhage  with  the  above 
changes  gives  rise  to  the  hiemorrhagic  form  of  exanthem. 

Aetificial  Immunization  in  Smallpox. 

Smallpox  afl'ords  one  of  the  most  striking  examples  of  positive  and 
prolonged  acquired  immunity  conferred  by  a  successfully  weathered 
attack  of  an  infectious  disease. 

In  the  early  days  attempte  were  made  to  mitigate  the  virulence  of 
smallpox  acquired  by  exposure  in  the  usual  ways  by  artificial  inoculation 
of  material — virus — taken  from  a  smallpox  pustnle.  The  usually  rela- 
tively mild  form  of  thedisease  induced  in  this  way  also  conferred  immu- 
nity. But  the  individual  was  during  his  immunization  a  source  of  danger 
to  others.  The  great  discovery  of  Jenner  that  by  inoculation  with  vims 
from  cowpox  Immunity  was  secured  against  smallpox,  need  not  be  con- 
sidered in  detail  here.  Tbe  immunity  secured  in  this  way,  while  not 
absolute,  is  usually  effective  and  involves  as  a  rule  but  slight  indisposi- 
tion. By  revaccination  after  an  interval  of  a  few  years  practical  protec- 
tion is  secured,  so  that  the  occurrence  of  smallpox  epidemics  to-day  is 
possible  only  through  neglect  of  simple  and  positive  protective  measures. 

The  more  recent  view  of  the  immunity  conferred  by  vaccination 
against  smallpox  is  based  upon  the  demonstration  that  the  disease  variola 
in  man  and  the  disease  vaccinia  in  the  bovine  species  are  of  tbe  same 
nature  and  not  different,  as  was  formerly  believed.  This  has  been  estab- 
lished by  numerous  inoculation  experiments.  Tbe  disease  in  the  cow  is 
a  modified  form  of  the  human  disease.  The  effect  of  the  passage  of  the 
unknown  micro-organisms  through  tbe  insusceptible  bovine — thus  runs 
the  rationale  in  the  new  light — is  so  to  dimiuish  the  virulence  of  tbe 
germ  that  by  its  subsequent  inooalation  in  man  immunity  is  secured  with- 
out the  profound  disturbance  which  infection  with  a  germ  of  unmitigated 
virulence  would  involve.' 

tin  diphtherin  the  perfeclion  of  the  process  of  artificial  immunii'.HtioD  and  the  eatab- 
llsfament  of  a  precise  and  succeaeful  curative  method  are  the  direct  results  of  a  loag.  pa- 
rent, logical  aeries  of  aaimal  expcrimeDts  with  a  definite  end  id  vit-w,  and   by  tbe  use 
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The  Excitant  op  Smallpox. 


Bftcteria. — The  large  nnmber  of  studies  which  have  been  made  of  the 
sklD  lesions  of  smallpox  and  of  vaccine  lymph  have  shown  that  bacteria 
of  varioos  kinds  are  frequently  present. '  Streptococci  and  staphylococci 
are  especially  common  in  the  pnstulca  and  may  be  present  in  the  blood 
in  later  stages  of  severe  or  fatal  cases."  It  is  probable  that  the  pyogenic 
cocci  are  of  great  importance  as  complicating  factors  in  the  disease. 
But  there  is  no  evidence  at  hand  that  these  or  any  other  bacteria  are  ite 
primary  excitants. 

Protozoa. — While  it  was  natural  that  the  most  paiostaking  scorch 
should  be  made  for  bacteria  in  the  lesions  of  smallpox,  there  have  been 
from  the  first  many  obvious  reasons  for  the  conjecture  that  this  disease 
as  well  as  the  other  exanthemata  might  l>e  incited  by  organisms  of  a 
different  nature.  In  fact,  as  early  as  1886  and  1887  bodies  were  found 
in  the  pustules  by  Van  der  Loeff  and  L.  Pfeiflfer,  which  they  conjectured 
to  be  protozoa.  It  was  not  until  1892,  however,  when  Guaruieri  under- 
took a  series  of  noteworthy  experiments  in  animals,  that  the  nature  of 
the  suspected  structures  in  vaccine  lymph  became  clearer.  Guarnieri 
inoculated  vaccine  lymph  into  the  cornea  of  rabbits  and  noted  the  ap- 
pearance after  a  few  days  in  increasing  numbers  in  the  epithelial  cells 
of  the  structures  which  had  been  previously  discovered  in  the  contents 
of  smallpox  pustules.  In  some  of  these  bodies  he  believed  that  he  saw 
amceboid  movements.  These  bodies,  which  were  called  "  vaccine  bodies," 
he  regarded  as  protozoa  and  named  the  species  CyU>rycte»  vaccina:. ' 

These  observations  of  Guarnieri  on  the  vaccine  bodies  found  in  the 
lesions  of  both  vaccinia  and  variola  were  confirmed  by  Wasielewski '  and 
many  other  obseners. 

The  vaccine  bodies  of  Guarnieri  are  spheroidal,  oval,  or  irregular 
structures  from  one  micron  to  four  or  even  eight  microns  in  diameter, 
staining  readily  with  various  dyes,  the  central  portion  giving  in  general 
the  staining  characters  of  nuclear  substance,  a  peripheral  zone  being 
sometimes  differentiated  by  cytoplasmic  stains.  The  bodies  often  lie 
close  upon  the  boitler  of  the  nucleus  of  the  epithelial  cells,  sometimes 
lying  in  a  depression  of  the  nuclear  border.  They  may,  however,  lie  in 
of  the  absolutclf  Ideotifled  and  well-kaown  germ  which  induces  the  diseftse.  On  the 
other  hand,  it  is  Dot  a  little  curious  that  jd  smallpox  and  in  hydrojihobia  effective  meth- 
ods uf  immunisation  should  have  been  perfected  without  pret-ise  knowledge  of  the 
micro-organlams  which  incite  the  diseases,  and  yet  by  procedures  which  though  some- 
what empirically  tiit  upon,  are  nevertheless  in  close  accord  with  those  which  the  most 
recent  studies  on  immunity  in  general  have  shown  to  be  effective.  Thus  In  both  small- 
pox and  hydrophobia  the  material  used  for  protective  inoculation  is  that  which  has 
been  artificially  reduced  in  virulence;  in  the  one  case — smallpox — by  its  passage 
through  the  body  of  a  reUtively  insusceptible  animal ;  in  the  other — hydrophobia — by 
drying  in  the  air. 

'  See  Huguenin,  Lubarsch  and  Oslertag's  "Ergebnisse,"  Jahrg,  iv.,  p.  387,  bibl. 

'See  report  by  Emng.  Trans.  Assn.  Am.  Phys.,  vol.  xvii.,  1902,  p.  313;  also  Perldm 
and  Fity.  Jour,  Med,  Res.,  vol.  x,,  1903,  p.  180. 

'  This  Dame  was  given  because  the  bodies  frequently  lay  in  small  spaces  in  the  cell 
protoplasm,  which  he  assumed  to  have  been  formed  by  the  destructive  action  of  the 
parasite. 

''  Consult,  for  a  most  admirable  sumo^aiy  of  the  subject  with  original  studies,  pho- 
tographs, and  bibliography,  M'aHcleiciki.  Zcitsch.  f.  Hygiene,  Bd.  xxxviii.,  1901,  p.  218, 
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other  parts  of  the  epithelial  cytoplasm.  Tbey  are  frequently  surrouDded 
by  a  clear  space,  which  may  become  of  considerable  size.  Tbey  have 
not  been  found  in  the  nucleus. 

Hand-iu-baud  with  the  increase  of  these  bodies  there  ai-e  jjiiigi'essive 
degenerative  processes  in  the  epithelium  of  the  inoculated  region,  with 
the  formation  of  various  structures  characteristic  of  the  degeneration  of 
protoplasm  under  a  great  variety  of  couditious. 

While  many  observers  following  Gnarnieri  have  felt  ju.sti6ed,  largely 
on  morphological  evidence,  in  the  belief  that  the  vaeciue  bodies  are  pro- 
tozoa, others  have  been  led  to  the  couelusiou  that  many  if  not  all  the 
appearances  presented  can  be  accounted  for  by  protoplasmic  degenera- 
tions induced  by  other  agencies.  Several  experimenters,  indeed,  by  the 
introduction  into  the  rabbit's  cornea  of  chemical  and  other  substances 
not  at  all  related  to  the  vaccine  virus,  have  been  able  to  induce  degenera- 
tive protoplasmic  structures  resembling  the  vaccine  bodies.' 

It  is  evident  that  the  proof  on  morphol(^ical  grounds  alone  of  the 
protozoan  nature  of  such  minute  structures  is  a  task  of  exti-enie  difficulty, 
associated  as  they  frequently  are  with  the  readily  stained  products  of 
protoplasmic  degeneration. 

In  April,  1!H)3,  Councilman  announced  tlie  results  of  a  long  series  of 
studies  by  himself  and  his  associates,  Magrath,  Briukerhoff,  and  Tyzzer, 
ou  the  excitant  of  smallpox.'  The  observations  of  Guarnieri,  Wasielewski, 
and  others,  on  the  vaccine  body,  were  in  the  main  confirmed.  These 
observers  find  the  vaccine  bodies  in  the  lower  layers  of  skin  epithelium 
before  the  production  of  the  vesicles  and  in  the  advancing  edges  of  the 
young  vesicles.  They  find  morphological  evidence  of  the  segmentation 
of  the  bodies  and  the  formation  of  round,  spore-like  structnres  about  one 
micron  in  diameter.  Conncilmau  further  announced  the  discovery  of 
other  bodies,  not  before  described,  within  the  nucleus  of  the  epithelial 
cells  in  the  infected  r^ion  in  man.  These  intranuclear  structures  are 
circular,  ring-like,  with  a  central  dot,  and  may  be  seen  singly  or  in  clusters. 
They  are  from  one  to  one  and  one-half  microns  in  diameter.  These  intra- 
nuclear bodies  Councilman  regards  as  a  further  stage  and  as  representing 
a  second  complex  cycle  of  development  of  the  smallpox  parasite.  The 
intranuclear  structures  he  believes  to  be  developed  from  the  spore-like 
bodies  resulting  from  the  segmenUitlon  of  the  intracellular  vaccine  body 
which  peuetrate  the  nucleus.  Councilman  finds  the  vaccine  bodies  both 
in  the  epithelial  cells  of  the  smallpox  lesion  in  man  and  in  the  lesion  in- 
duced by  vaccination  of  the  rabbit  and  calf.  But  the  intranuclear  forms 
have  not  been  found  in  the  latter  animals.  After  iuocnlatinn  of  the 
monkey  with  the  contents  of  smallpox  pustules,  both  the  intracellular 
and  the  intranuclear  forms  were  found.  He  believes  il  to  be  probable 
that  in  smallpox  the  parasite  undergoes  complete  dei'elopment,  passing 
through  two  cjvles,  an  intracellidar  and  an  intranuclear,  while  iu  vaccinia 
only  one,  the  primary,  cycle  is  achieved. 

iSee  lliielcel.  Ziegler's  Beltr.,  SuppI,  Ilett,  1898;  also  Kiring.  Trans.  N.  V.  Palli. 
Soc,  .lanuary,  1004. 

'"StiidicB  on  tlip  Puthologv  and  mi  llie  Etioloiry  of  Variola  and  Vacciuia.'".I(Hir.  of 
Mill.  Res.,  vol.  Jii..  1904. 
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Calkins,  from  an  independent  study  of  the  material  furnisbpd  by 
Couueilman,  is  convinced  of  the  protozoan  nature  of  the  organisms  in 
question  and  has  formulated  the  stages  of  a  complex  life  cycle,' 

It  is  clear  that  final  judgment  upon  the  nature  and  significance  of 
these  minute  straclures  must  l)e  siLsi>ended  until  further  experiments 
upon  suitable  animals  shall  have  furnished  fuller  biological  data  than  are 
yet  at  hand,  which  may  sustain  the  e^'idenre,  still  largely  moi^hol epical, 
on  which  these  suggestive  conclusions  are  baseil.' 


SCABLET  FEVEB.    (Scarlatina.) 

This  is  an  infectious,  readily  communicable  disease  characterized  by 
a  diffuse  skin  eruption,  and  t'recjuently  accompaniiil  by  inflammation, 
either  catarrhal,  or  croupous,  or  gangrenous,  of  the  tonsils,  pharynx,  and 
larjnx.  Foiral  necroses,  albuminous  degeneration  in  the  viscera,  and 
leucocytosis  may  occur. 

There  may  lie  acute  hyperplasia  or  suppuration  of  the  cervical  lymph- 
nodes.  There  is  very  frequently  an  acute  exudative  or  an  acute  diffuse 
nephritis.  The  spleen  may  be  enlarged.  Broncho-pneumonia,  endocar- 
ditis, and  pericarditis  may  complicate  the  disease. 

The  exanthem  or  skin  eruption  in  scarlatina  is  a  simple  dermatitis, 
as  the  result  of  which  the  papillteaud  snbpapillary  stratum  become  infil- 
trated with  fluid  or  leucocytes,  or  both,  the  leucocytes  being  gathered 
especially  about  the  blood-vessels.  Thei-e  may  be  small  heemorrhages, 
and  the  acute  phase  of  the  inflammation  is  followed  by  an  increase*)  pro- 
duction of  epithelium  and  an  exfoliation  of  the  superficial  layers.  These 
lesions  of  the  skin  may  be,  excepting  the  hiemorrhages,  very  slightly 
mariced  after  death. 

Ttiitt  the  disease  is  due  to  some  form  of  micro-organism  there  can  be 
no  doubt.  The  exact  nature  of  this  orgiinism  is  not  yet  known.  The 
acute  nephritis  and  the  marks  of  degeneration  and  focal  necrosis  so 
often  present  appearto  bedne  to  some  i>oison  formed  in  the  body  during 
the  disease. 

Mallory'has  describe<i  bodies  in  and  between  the  epithelial  cells  of 
the  epidermis  and  free  in  the  superficial  lymph  vessels  and  spaces  of  the 
corium  in  scarlet  fever  which  he  believes  to  be  protozoa  and  to  bear  an 
etiologlciil  relationship  to  the  disciisc.  Most  of  these  bodies  ai-e  from 
two  to  seven  microns  in  diameter  and  stain  with  methylene  blue.  A 
series  of  forms  arc  found,  including  rosettes,  which  arc  said  to  resemble 
■  the  series  in  the  asexual  development  of  the  malarial  parasite.  Further 
studies  will  be  required  to  establish  the  protozoan  nature  as  well  as  the 
significiince  of  these  structures. 

One  of  the  most  marked  features  of  the  disease  is  the  predisposition 

I  Calkint.  "  Life  History  of  Cylorj-clps  Variol®, "  ref  above,  p.  186 

'Cousult  for  general  bibliography  F^eemnii,  ftrticlo  on  vacciimlion  in  "Cyctopedift 

of  the  Diseases  of  Clit'.drcD,"  vol.  v.,  suppl.  p.  388;  or  Moore,  in  "Twentletli  Century 

I'ractiee,"  vol.  xiii. 

'.VaUory.  Jour,  of  Med.  BeB.,  vol.  x..  1B04.  p.  483, 
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which  it  eutails  to  the  incursions  of  pathogenic  germs  other  than  that 
which  we  believe  to  be  its  excitant.  Thus  an  infectious  croux>ons  in- 
flammation of  the  mouth,  tonsils,  pharynx,  larynx,  and  trachea,  due  to  a 
streptococcus  (see  p^e  209),  is  a  frequent  complication.  True  diph- 
theria due  to  the  Loffler  bacillus  is  also  prone  to  establish  itself  upou  the 
vulnerable  inflamed  mucous  membranes.  So  also  the  frequently  asso- 
ciated pneumonia,  the  inflammatory  hyperplasia  and  suppuration  of  the 
lymph-nodes,  suppurations  in  various  parts  of  the  body,  the  endocarditis 
and  pericarditis  which  are  not  uncommon,  may  all  be  due  to  a  secondary 
infection  with  the  pyogenic  coecL' 

MEASLES. 

A  readily  communicable  infections  disease,  the  most  prominent  feat- 
ures of  which  are  an  intense  hyperemia  with  Inflammation  of  the  skin, 
associated  with  catarrhal  inflammation  of  the  mucous  membrane  of  .the 
air  passages.  The  inflammation  of  the  skin  is  anatomically  of  tlie  same 
general  type  as  that  in  scarlatina.  Albuminous  degeneration  of  the  kid- 
ney or  acute  exudative  nephritis  may  occur.  Focal  necroses  in  the  liver 
and  kidneys  have  been  described  by  Freeman.' 

The  more  common  secondary  lesions  are  broncho-pneumonia,  pseudo- 
membranous inflammation  of  the  pharynx  and  larynx,  suppurative  in- 
flammation in  various  parts  of  the  body,  and  diphtheria.  These  compli- 
cations, as  in  scarlatina,  are  doubtless,  in  part  at  least,  due  to  secondary 
infection  with  other  germs  than  those  causing  the  disease  itself. 

The  excitent  of  measles  is  not  defluitely  known. 

Canan  and  Pieiicke  in  1893  >  recorded  tbi;  discovery  in  tbe  blood  in  fourteen  cases 
of  measles  of  very  stnttll  Imcilli.  al>out  as  long  as  tbu  radius  of  a  red  blood  cell, 
but  varying  considerably  in  size.  Thesu  bacilli  were  sometimes  abundant,  sometimes 
acanty  in  tbe  bloodi  lying  singly  or  in  beaps.  Meagre  cultures  were  obtained  in  three 
cases  in  beef  tea.  Tbey  did  not  seem  to  grow  od  tlie  ordinary  solid  media.  Bacilli 
similar  in  form  were  found  in  tbe  enudalc  from  inflamed  mucous  membranes  in  measles. 
Tbe  observations  of  tbese  writers  are  interesting  and  suggestive,  but  until  tbey  shall 
have  been  connrmed  by  others  and  greatly  eitcuded  nothing  can  be  assumed  aa  estab- 
lished regarding  the  etiological  significance  of  the  germs. 

WHOOPINO-COUOH.    (PertUMia.) 

^VTiooping- Cough  is  an  infectious  disease,  often  epidemic,  without 
characteristic  lesions.  There  may  be  an  associated  bronchitis  or  bron- 
cho-pneumonia. Several  observers  have  isolated  bacilli  from  the  sputum 
in  whooping-congh — many  of  them  closely  resemble  the  influenza  bacillus 
in  form  and  culture— but  the  proof  that  these  are  the  excitants  of  the 
disease  has  not  been  furnished.' 

'  Consult  for  a  study  and  bibliography  Pearce.  "  Scarlet  Fever.  Its  Bacteriology  and 
Grosa  and  Minute  Anatomy."  Med.  and  Surg.  Reports  of  tbe  Boston  City  Hospital, 
■  1698  and  1699:  also  We-mr,  Amencan  Medicine,  April  I8tb,  1903. 

'  Freeman,  Arch,  of  Pediatrics,  February,  1900, 

» Berliner  klin.  Wocheoschr..  April  18th,  1892. 

*Koptik.  CentralbUtt  fQr  Bakteriologie,  etc.,  Abth.  I.,  Bd.  xiii.,  p.  322,  1897; 
Walnh,  "Contributions  from  the  William  Pepper  Laboratory  of  Clinical  Hedicine."  1900, 
p.  4M,  bibl. ;  Jothjoaitn,  Zeitscbr.  f.  Hygiene  n.  Infkr..  Bd.  xiiv.,  1903,  p.  498,  WW. 


vCcjot^Ic 


THE   INFECTIOUS   DISEASES. 


Beri-beri  la  a  disease  of  warm  cUmates,  believed  by  some  observers  to  be  infectious 
in  cliamctcr,  by  otbers  to  be  due  to  unsuitable  diet.  The  Icsioos  are  often  not  well  lie- 
IJDed.  Tbere  are  in  some  cases  subcutaneous  <tdema  aod  dropsy.  There  is  oftcu  de- 
ganciatioD  of  the  peripheral  nerves  and  of  the  heart  and  voluntary  muscle.  The  bac- 
terial studies  which  have  beeu  made  upon  beri-beri  liave  not  led  to  detlnfte  results.' 


A017TB  BHXUIEATISIC. 

While  the  excitant  of  acute  rheumatism  is  unknown  there  is  much 
reason  to  believe  that  it  is  an  infectious  disease.  There  are  no  charac- 
teristic lesions ;  but  yarions  joints  are  frequently  the  seat  of  slight  exu- 
dative inflammation,  serous  or  fibrinous  in  character.  Albuminous  de- 
generation of  the  visceral  cells  with  hyperplasia  of  the  spleen  has  been 
noted.  The  disease  is  not  infrequently  complicated  by  endocarditis  or 
pericarditis,  by  exudative  inflammation  of  the  luugs  or  pleura.  Various 
micro-organisms  have  been  found  in  the  body  in  acute  rheumatism ;  of 
these  the  pyogenic  cocci  have  been  most  frequently  isolated,  bnt  these 
are  probably  to  be  regarded  only  as  ex<^tant8  of  the  suppurative  or 
other  complications.  It  is  possible  that  more  than  one  form  of  infection 
is  embraced  under  the  designation  rheumatism.* 


The  Excitant  of  the  Disease. 

The  excitant  of  the  disease  long  known  clinically  as  malaria isa  small 
animal  parasite,  the  Plaamodimn  malaria:,  which  enters  the  red  corpuscles 
of  the  blood  and  in  the  course  of  its  development  destroj-s  them.  The 
destruction  of  each  cell  is  coincident  with  the  maturation  of  its  contained 
parasite,  which  segments  into  a  variable  number  of  spores,  or,  more 
properly,  merozoites,  a  phenomenon  which  is  also  coincident  with  the 
clinical  appearance  of  the  chill  and  its  accompanying  rise  of  temperature. 

These  parasites  of  the  red  cell  are  protozoa  belonging  to  a  special 
sub-group,  the  luemoaporidia.  For  purposes  of  description  these  hsemo- 
sporidia  of  human  malaria  may  be  classified  into  three  species  or  types, 
each  of  which  incites  a  difi^ereut  clinical  form  of  disease  and  each  of 
which  also  differs  from  tbe  other  types  in  its  morphology.  These  types 
are  the  teriian,  the  qnaitan,  and  the  lestivo-autumnal  parasites. 

Tertian  and  Quartan  Types. — If  the  blood  of  a  patient  suffering  from 
teriian  fever  be  examined  shortly  after  a  chill,  a  number  of  the  red 
cells  will  be  found  to  contain  small,  highly  refractile,  actively  amce- 
hoid  bodies  which  are  the  early  forms  of  the  plasmodia  or  merozoites. 

'  For  bibliography  of  beriberi  see  &>dre,  "Twentieth  Century  Practice,"  Bd.  liii. 

'For  summary  of  the  bacteriology  of  Rheumatism  see  PogntOH  and  Payne,  The 
[juicet,  Sept.,  1900,  pp.  861  and  833;  also  Poynton.  Practitioner,  vol.  Ijtv.,  p.  33,  Jan., 
1901. 
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Tbe  latter  often  take  the  form  of  small  rings  surroanding  a  central  elear 
space.  This  is  e8i>ecially  well  seen  in  stained  specimens  (Plate  I.,  Pigs. 
1—1),  If  the  blood  be  again  examined  some  hours  later,  these  very  small 
forms  will  have  grown  to  a  considerable  extent,  and  small  brown  or  black 
granules  will  be  noted  in  the  body  of  the  Plasmodium.  This  pigment  has 
a  very  rapid  motion  inside  the  body  of  the  parasite.  If  the  blood  be  ex- 
amined at  intervals  for  forty-eight  hours  the  organism  may  t>e  seen  to 
have  grovn  so  lai^  as  to  occupy  nearly  the  whole  of  the  red  cell  (Plate 
I.,  Figs.  5-12),  which  becomes  somewhat  swollen  and  pale,  the  latter  effect 
being  due  to  the  destruction  of  the  hsemoglobin  of  the  cell  by  the  para- 
site, which  thns  produces  the  pigment  granules  of  melanin  with  which  it 
is  filled.  At  the  end  of  forty-eight  hours  the  pigment  has  collected  in 
the  centre  of  the  organism,  which  has  ceased  its  active  amoeboid  motion, 
:  Now  small  pale  spots,  which  are  the  nuclei  of  the  segmenting  mature 
form,  become  easily  visible  (Plate  I.,  Fig.  16),  and  finally  the  red  cell 
bursts,  and  the  small  merozoites,  each  containing  a  nucleus,  are  set  free 
to  enter  other  red  cells  and  to  repeat  the  cycle  in  another  period  of  forty- 
eight  hours.  A  certain  portion  of  the  free  merozoites  are  destroyed  by 
the  phagocytic  leucocytes  and  other  cells.  The  free  pigment  left  after 
the  segmentation  of  the  mature  forms  is  also  collected  by  these  phago- 
cj-tes.  Thus  after  severe  and  prolonged  attacks  of  malaria  the  leucocytes 
are  frequently  filled  with  pigment. 

The  quartan  organism  goes  through  a  cycle  similar  to  that  of  the  ter- 
tian, except  that  the  time  required  is  seventy-two  instead  of  forty -eight 
hours.  There  are  also  a  few  minor  differences  in  the  morphological  ap- 
pearance of  the  two  organisms.  Thus  the  small  early  amoeboid  forms 
of  the  Plasmodium  are  much  more  active  in  their  movements  in  the  ter- 
tian than  iu  the  quartan.  The  pigment  in  the  tertian  is  very  fine ;  in 
the  quartan  it  is  often  in  small  blocks  or  rods  and  is  much  coarser 
(Plate  I. ,  Pigs.  22-25).  The  mass  of  segmenting  merozoites  in  the  tertian 
oi^anism  is  quite  insular  in  shape  and  contains  from  fifteen  to  twenty 
individuals,  while  that  of  the  quartan  is  a  regular  rosette  in  shape  and 
the  merozoites  average  from  six  to  twelve  (Plate  I.,  Pigs.  26-28), 

JEstivo-ADtomnal  Type. — The  parasite  of  the  festivo-autumual  fever 
develops  in  the  blood  in  much  the  same  way  as  the  other  forms,  with  the 
exception  that  the  amoeboid  rings  are,  as  a  rule,  smaller.  The  signet- 
ring  shai>e  is  more  marked,  and  the  pigment  is  less  abundant  (Plate  I,, 
Pigs.  31-34),  Another  peculiarity  of  this  organism  is  that  the  de\-eloi»- 
ment  of  the  larger  amoeboid  forms  takes  place  chiefly  in  the  bone  marrow 
and  the  spleen,  while  that  of  the  tertian  and  quartan  is  to  be  seen  in  the 
blood.  Tbusas  soon  as  the  Plasmodium  of  tliereativo-antumnal  type  has 
grown  sufficiently  to  occupy  about  one-fourth  of  the  red  cell,  it  disap- 
pearsfrom  thei>eripheral  blood  and  can  be  found  developing  iu  the  blood 
obtained  by  puncture  of  the  spleen,  or  in  fatal  cases,  from  the  bone  mar- 
row (Plate  I.,  Figs.  35,  36).  In  such  preparations  the  mature  Plasmodia 
may  be  found  and  the  segmenting  process  followed  (Plate  I.,  Pigs.  37- 
39).  The  organism  is  not  as  large  as  the  tertian,  as  the  segmenting  form 
usually  only  occupies  about  one-half  of  the  somewhat  shrunken  red  cor- 
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puscle.  The  number  of  merozoiles  formed  is  ubout  fifteen.  The  time 
of  tlie  developmental  cycle  in  the  blood  is  forty  eight  hours. 

Ill  the  blood  of  a  patient  infected  with  the  sestivo-aatumual  parasite, 
Ihei-e  are  always  found  withiu  a  few  days  after  the  beginning  of  the  dis- 
ea.se  a  moderate  number  of  crescent -shaped  t>odies  with  pigmented  centres 
and  tbfi  remnant  of  a  rad  cell  at>out  them  (Plate  I.,  Figs.  43,  14).  They 
are  devoid  of  amoeboid  motion.  The  exact  nature  of  the.se  crescentic 
bodies  was  quite  unknown  until  very  recently,  when  it  was  discovered 
that  tliey  are  cells  with  sexual  capabilities,  whose  function  seems  to  be 
the  prolongation  of  the  species  in  a  cycle  outsideof  the  human  body.  It 
had  long  been  known  that  certain  of  the  lai^e  mature  amoiboid  forms  of 
the  tertian  and  quartan  organisms  and  the  ci-escents  of  the  awtivo-autum- 
ual  species  did  not  inidiugo  segnieutatiou  into  mei-ozoites,  but  remained 
circulating  in  the  blood.  When,  however,  the  blood  containing  these 
forms  was  examined  in  a  fresU  condition  on  a  slide,  and  especially  if  the 
blood  before  being  covered  was  allowed  to  renuiin  in  a  moist  chamber  for 
a  few  mitmtes,  changes  could  be  seen  to  take  place  which  had  not  been  ob- 
serviHlin  perfectly  fi-esh  preparations.  Certain  of  the  mature  organisms 
set  free  long,  actively  motile  tlagella  which  entered  other  mature  forms. 
In  stained  pi'eparations  it  could  be  seen  that  each  flagellnm  contained 
some  of  the  nuclear  chromatin  of  the  organism  from  which  it  arose,  and 
that  tills  di^ellar  chromatin  united  with  the  chromatin  of  the  body  which 
the  tlagelUuu  entered.  The  crescentic  forms  under  suitable  conditions 
go  through  the  same  pi-ocess,  the  male  crescent  giving  off  tlitgella,  one  of 
which  iu  turn  fertilizes  another  crescent  of  .slightly  diiferent  morphology. 

Evidently  this  is  a  sexual  proces.s,  and  its  occurrence  only  in  blood 
which  has  been  drawn  from  the  body  suggested  the  i)robability  that  under 
ordinary  circumstances  it  takes  place  outside  the  human  host.  The  truth 
of  this  con  lecture  has  recently  been  established,  and  the  process  of  fertil- 
ization and  maturation  of  the  fertilized  organism  has  been  found  to  occur 
in  the  stomach  of  a  particular  genus  of  mosquito,  the  Anopheles.  Xo 
other  species  of  mosquito  is  capable,  according  to  our  present  knowledge, 
of  acting  as  host  to  the  plasmodinm  of  human  malaria,  though  the  organ- 
ism which  induces  malaria  iu  birds  can  develop  in  a  mosquito  of  the 
genus  Culex.  Whether  the  Plasmodium  can  carry  out  its  sexual  cycle 
under  other  conditions  than  Iu  the  stomach  of  the  Anopheles  is  as  yet 
unknown.  If  au  Anopheles  bites  a  patient  with  malaria,  the  blood  with 
its  contained  organisms  is  drawn  into  the  stomach  of  the  mosquito,  the 
tlagella  are  given  off  from  the  gametes  and  enter  other  mature  forms  and 
fertilize  them.  Tlie  fertilized  oi^nism  goes  through  a  complicated 
development,  and  the  resulting  sporozoilc  finds  its  way  in  the  coarse  of 
a  few  weeks  to  the  salivary  glands  of  the  mosquito  host,  to  be  injected 
into  the  blood  of  the  next  person  bitten.  The  sjKirozoites  enter  the  red 
cells,  I)ecoming  the  small  amceboid  forms  or  mei-ozoites  already  described. ' 

e  Sehaudin.  "Arbciten  aiis  dcni  Euia.  Gesucdtieits- 
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Desceiption  of  Plate  L 


Hsmatozoa  of  Tertian  Kalaria. 


FiQB.     1  to  4..  .Small  ring-shaped  merozoltes  of  tertiao  malaria:  2  and  8.  multiple  In- 
vaatoD  of  a  single  nd  cell. 
"       5  tc>  12 . .  Amceboid  forms  vf  gradually  iocreasing  size. 

Fio.    18 Large  amceboJd  form  In  wbicb  Ibe  pigment  is  beginning  to  collect  as  a 

prelimioaiy  to  segmentation. 

"     14 Pigment  still  more  clumped,  and  Ibe  pale  areas  representing  nuclei  be 

gin  to  be  marked. 

"     IS Segmenting  fonu  n-itb  an  Irregular  mass  of  merozoiles. 

"     16 More  symmetrical  type  of  segmentation  with  central  block  of  pigment. 

"     17 Free  merozoitea  after  leaving  the  red  cell. 

"     18 Gamete. 

"      19. . . .'. .  .Microgaroelocyle  with  flagella  or  niicrogamet«B. 

Hwmatozos  of  (^noftan  Halaria. 


FiGB.  20  and  31 .  .Small  ring  form  of  m 

"     23  to  35 Amceboid  forms  with  coarse  pigment. 

■*     26  "  28 Segmenting  forms. 

"     29 Oamele. 

"     80 Microgametocyte  with  microgametes  in  the  process  of  formation. 

Hnmatozoa  of  JEstivo-Autumnol  Malaria. 

FiGB,  81  to  34. .Small  rilig  forms,  some  of  themon  the  surface  of  the  corpuscle;  82  and 

33,  multiple  invasion  of  the  red  cell. 
"     35  and  3S,  Amoeboid  forms  found  in  the  peripheral  circulation. 
"     37  to  39 . .  lArge  amteboid  forma  and  Begmentiog  parasites  found  only  very  rarely 

in  (he  peripheral  circulation,  but  abundantly  in  the  spleen  and  b<^ne 

40  "  43.. Young  crescenlic  forms  not  found  in  the  peripheral  circulation,  but 

chiefly  in  the  bone  marrow, 
"     48  and  44,  Adult  crescents  or  gametes,  found  abundantly  in  the  peripheral  blood. 
"     48   "    46,  Microgumetocyics  becoming  oval  and  preparing  to  give  off  mlcroga- 

Fio.    4.1 Microgamctocyte  giving  off  microgametes. 
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The  details  of  the  process  of  fertilizatiOQ  and  the  formation  of  the 
sexual  cells  which  are  capable  of  carrying  on  the  cycle  iu  the  mosqnito 
have  been  best  observed  iu  the  sestivo-autumaal  fevers,  so  that  the  stages 
will  be  here  described  in  connection  with  the  development  of  the  crescent 
gametes.  These  crescents  are  formed  chiefly  in  the  bone  marrow  from 
the  small  ovoid,  intracellular  bodies,  which  can  early  in  tlieir  develop- 
ment be  distinguished  from  the  ordinary  am<eboid  forms  by  their  more 
abundant  coai-se  pigment  and  oral  outline. 

The  adult  crescents  are  quite  constantly  present  in  well-developed 
cases,  and  are  often  found  in  the  blood  after  treatment  with  quinine  has 
caused  the  disappearance  of  the  amteboid  bodies,  the  power  of  resisting 
the  action  of  drugs  being  much  more  marked  in  the  crescents  than  in  any 
other  form  of  the  Plasmodium.  Two  types  may  be  distinguished,  both 
of  which  begin  as  small  amceboid  forms  and  gradually  mature  into  oval 
or  crescentic  organisms.  One  of  these,  the  mierogametocytes,  or  the  cells 
producing  the  male  elements,  develops  and  gives  off  the  flagellum 
(microgametes) ;  the  other,  the  macrogametes  (female  elements),  neither 
form  nor  give  off  flagella.  According  to  Marchiafava  and  Biguami '  the 
mierogametocytes  are  distinguished  from  the  macrogametes  by  the  fact 
that  in  the  former  (the  male  form)  tlie  pigment  is  gathered  in  a  fairly 
compact  mass  in  the  middle  of  the  crescent,  the  chromatin  is  more  abun- 
dant, and  the  entire  body  stains  faintly ;  while  in  the  female  form,  the  pig- 
ment surrounds  the  rather  scanty  nuclear  chromatin  in  a  ring  form,  the 
cell  body  stains  deeply,  and  no  flagella  are  given  off.  The  crescents  in 
the  fi-esh  blood  show  no  amceboid  motion,  and  even  the  pigment  is  mo- 
tionless. They  are  either  erescentie  in  form  with  the  pigment  collected 
at  the  ceutre,  or  they  may  be  spindle-shaped  with  somewhat  scattered 
pigment,  or  Anally  short,  thick  ovoid  bodies  with  pigment  irregularly 
scattered  or  more  frequently  gathered  into  a  ring  about  the  nucleus. 
They  are  all  contained  in  red  bloo<l  cells  (endoglobular),  the  faint  rem- 
nant of  the  red  cell  often  being  seen  as  a  delicate  line  stretching  between 
the  two  horns  of  the  crescent. 

The  formation  of  flagella  (microgametes)  does  not  take  place  in 
the  circulating  blood;  it  begins  only  after  the  blood  has  remained  on  a 
slide  for  a  few  miimtes  or  has  remained  for  some  time  in  the  stomach  of 
the  mosquito.  These  flagella,  usually  about  four  in  number,  bud  out 
from  the  periphery  of  one  of  the  mierogametocytes.  which  has  assumed 
a  spherical  instead  of  a  crescent  shape,  and  grow  to  a  length  of  three  to 
five  times  the  diameter  of  the  red  cell.  They  are  either  pointed  or  bul- 
bous at  their  extremities,  or  they  present  swellings  at  irregular  intervals. 
Their  motion  iu  warm-stage  preparation  is  mther  rapid,  and  they  finally 
become  detached  and  move  about  free  iu  the  serum  (Plate  I.,  Figs.  45, 
46,  47).  The  pigment  during  this  process  usually  remains  at  the  ceutre 
of  the  spherical  microgametocyte  and  is  acti\'ely  motile,  but  in  prepara- 
tions stained  to  show  the  nuclear  chromatin,  the  latter  may  be  seen  to 
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penetrate  the  flagella  iu  the  form  of  long  thin  rods  which  remain  after 
the  flagella  become  detached.  The  shell  of  the  red  cell  in  which  the 
crescent  has  developed  can  rarely  be  seen  iu  fresh  preparations  of  the 
flagellate  forms.  These  flagella  penetrate  the  body  of  one  of  the  macro- 
gametes  present  in  the  slide  and  fertilize  it. 

This  pi-ocesa,  which  we  have  followed  in  an  artificial  preparation,  seems 
necessary  for  the  continuance  of  the  race,  and  is  normally  carried  out  in 
the  middle  intestine  of  the  mosquito  of  the  genus  Anopheles.  The 
actual  entry  of  the  microgamete  (spermatozoon)  into  the  niacrogamete 
haa  been  observed  by  MacCalliim '  and  others  iu  fresh  blood  prepara- 

If  a  patient  iu  whose  blood  mature  crescents  are  present  is  bitten  by 
the  mosquito,  the  parasites  develop  iu  the  intestine  of  the  insect,  and  at 
the  cud  of  two  days  the  fertilized  forms  may  be  found  adherent  to  the 
wall  of  the  intestine  as  small  pigmented  oval  bodies  quite  similar  to  the 
early  forms  of  the  crescents  developing  in  the  human  bone  marrow.  Two 
days  later,  the  parasites  or  oocysts  are  much  larger  and  ha^e  a  distinct 
capsule,  while  by  the  sixth  day  they  may  measure  from  60  to  80  /i  iu  diam- 
eter. They  contain  numerous  small  particles  which  are  nuclei  due  to 
the  fi-equent  division  of  the  original  nuclear  material,  and  the  capsule  is 
much  thicker.  At  the  end  of  a  week  the  parasite  contains  a  large  num- 
ber of  slender  thread-like  rods  with  pointed  extremities,  each  one  of  these 
rods  having  nuclear  chromatin.  The  parasite  or  oocyst  pi-ojects  through 
the  wall  of  the  intestine  iuto  the  coelom  cavity  of  the  mosquito  host, 
and  when  it  ruptui-es  these  minute  rods  or  sporozoitcs  are  carried  by  the 
lymph  currents  to  the  salivary  glands  from  which  they  may  be  injected 
with  the  saliva  when  the  female  Anopheles  bites  another  subject. 

The  sporozoites,  after  entering  the  circulation  of  man,  attack  the 
red  cells,  and  become  the  small  amaboid  forms  described  above.  In 
two  to  thi-ee  weeks  the  formation  of  the  gametes  takes  place,  and  the 
crescent  forms  appear  in  the  blood. 

That  the  infection  of  man  in  this  way  is  possible  has  been  abundantly 
proven  by  allowing  mostiuitoes  infected  with  fcstivo-autumnal  organisms 
to  bite  healthy  persons,  who,  after  a  period  of  incubation  of  about  ten 
days,  are  seized  with  aufestivo-autumnal  type  of  fever,  and  the  character- 
istic organisms,  though  not  present  previously,  are  now  to  be  found  in 
the  blood.  The  mature  forms  or  gametes  of  the  tertian  and  tpiartan  fe\ers 
undergo  a  course  of  development  very  similar  to  that  of  the  lestivo-autum- 
nal  fever,  and  are  derived  from  the  blood  of  the  infected  patient  by  the 
female  of  the  same  genns  of  mosquito,  the  Anopheles  (Plate  I.,  Figs.  19 
and  30).  The  sporozoites  find  their  way  to  the  salivary  glands  of  the 
mosquito  and  enter  the  blood  of  the  person  infected  while  the  Anopheles 
is  biting.  These  sporozoites  thou  enter  the  red  cells  as  the  small  amoe- 
boid forms  and  carry  on  the  sexual  cycle  in  the  blood  until  either  the 
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tis-snes  of  the  body  finally  overcome  the  parasite,  or  treatment  with  qui- 
nine destroys  the  merozoites  by  means  of  its  toxic  action  on  these  imma- 
ture forms. 


The  Lesions  of  Malabia. 

The  chara<^^eristic  lesions  of  acute  malarial  infection  are  found  in  the 
blood,  the  liver,  spleen,  kidneys,  and  brain. 

The  alterations  in  the  blood  are  chiefly  confined  to  the  diminution  in 
number  of  the  red  corpuscles,  due  to  their  destruction  by  the  parasites 
de^'eIoping  in  them  and  to  a  reduction  in  the  hienii^lobin  content  of 
those  which  do  not  contain  parasites.  These  changes  are  apparently  due 
to  some  toxic  agent,  for  which  there  is  additional  evidence  in  the  poly- 
chroinatophilia  and  granular  d^;eneration  of  the  body  of  the  red  c«]l  so 
often  present  in  severe  malarial  infections.  The  evidence  of  some  poison 
acting  on  the  protoplasm  of  the  red  cell  is  found,  not  only  in  those  cells 
in  which  the  oi^nism  is  developing,  but  is  more  abundant  in  those  cells 
in  which  no  plasmodia  are  present. 

The  leucocytes  show  slight  qualitative  changes,  there  being  usually 
present  a  relative  Increase  in  the  large  mononuclear  cells.  Pigmented 
leucocytes  are  often  seen,  and  in  very  severe  infections  large  macrophages 
loaded  with  pigment  may  be  seen  in  the  circulating  Mood,  In  severe 
cases  the  pigment,  which  is  derived  from  the  htemoglobiii  of  the  blood 
corpuscle  and  forms  the  granules  in  the  body  of  the  parasite,  may  be 
found  free  in  the  general  circulation,  but  is  usually  soon  removed  by 
the  leucocytes  and  the  phagocytic  cells  of  the  liver,  spleen,  and  bone 
marrow.  The  brain  in  ea«es  of  pernicious  lestivo-autumnal  fever  is  often 
much  congested,  and  the  smaller  capillaries  may  be  filled  with  enormous 
numbers  of  the  Plasmodia  in  various  pha.ses  of  development;  there  may 
also  be  small  punctate  heemorrhages  in  the  white  matter.  The  deposition 
of  the  malarial  pigment  in  the  cortex  may  give  to  the  latter  a  dark  red- 
dish-brown color,  or  it  may  be  almost  black.  The  apinal  cord  shows 
similar  changes. 

The  Uver  in  acute  cases  may  show  focal  necroses  resembling  those 
present  in  other  infections  diseases.  The  endothelium  of  the  liver  capil- 
laries may  contain  much  pigment  (see  Fig.  359,  p.  592),  while  the  lumina 
of  the  capillaries  may  be  stuffed  with  plasmodia  in  various  stages  of  de- 
velopment. The  kidneys  may  show  albuminous  degeneration,  and  while 
the  intertubular  capillaries  may  be  filled  with  pigmented  leucocytes 
there  is  not,  as  a  rule,  a  great  accumulation  of  plasmodia  in  the  vessels. 
A  moderate  diffuse  nephritis  is  occasionally  seen.  The  capillaries  of  the 
mucosa  of  the  stomach  and  the  intestines  may  be  filled  with  parasites  in 
cases  with  choleraic  symptoms,  and  there  may  be  a  considerable  amount 
.  in  the  epithelium  of  the  mucosa  of  the  intestines.  The  bone 
'  usually  contains  large  numbers  of  the  plasmodia,  chiefly  seg- 
menting forms.  A  good  deal  of  pigmentation  is  present,  and  an  active 
ph^ocjlosis  is  carried  on,  mainly  by  the  giant-cell  macrophages  present 
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in  the  marrow.  CresccDtic  orgauisms  may  be  present  in  the  marrow 
even  if  these  have  not  been  present  in  the  blood  during  life. 

The  spleen  is  increased  in  size,  the  pulp  is  softened  and  very  dark, 
the  Malpighian  bodies  are  not  well  marked.  Microscopically,  the  organ 
is  greatly  congested ;  many  of  the  red  cells  are  invaded  by  the  Plasmodia 
which  are  often  in  the  segmenting  stage.  There  is  a  very  active  phago- 
cytosis by  the  macroph^ea  present,  often  so  extensive  as  to  include  the 
red  cells  with  their  contained  parasites. 

In  the  chronic  cmes  the  patient  may  become  extremely  anjemic  with 
nucleated  red  cells  in  the  blood  and  a  great  reduction  in  the  number  of 
erythroblasts.  The  spleen  is  greatly  enlarged,  the  capsule  thickened  and 
adherent  to  the  surrounding  tissues.  The  cut  section  of  the  organ  is  of 
a  dark  brown  or  slaty  black  from  the  deposit  of  pigment.  The  Mal- 
pighian bodies  are  well  marked.  The  fibrous-tissue  trabeoula;  are 
thickened,  as  is  the  reticulum  of  the  pulp ;  the  pulp  cells  are  pigmented. 
The  liver  shows  a  marked  pigmentation,  especially  in  the  endothelium 
of  the  capillaries  and  in  the  so-called  perivascular  cells  described  by 
Kupflfer,  while  occasionally  there  is  a  moderate  amount  of  new  connec- 
tive tissue,  which,  however,  does  not  follow,  as  a  rule,  the  anatomical 
distribution  of  the  conuective  tissue  in  the  usual  atrophic  cirrhosis.  In 
chronic  poisoning  the  kidneys  may  show  a  chronic  diffuse  nephritis.  The 
bone  marrow  may  remain  fairly  normal  except  for  the  deposition  of  pig- 
ment, or  there  may  be  seen  a  marked  hyperplasia  with  replacement  of 
the  normal  fatty  marrow  of  the  shafts  of  the  long  bones  with  red  marrow 
containing  normoblasts  or  even  megaloblafds,  if  the  disease  has  been  long- 
continued  and  severe.' 


Uethodi  of  ExunJiuitioa  of  the  Blood  in  Hklkrik. 

There  are  two  methocln  of  esaminiog  the  blood  for  Plasmodia,  in  fresh  preparatiouB 
and  in  atained  smears.  Both  require  conaiderahle  training,  as  tlie  artefacts  produced  by 
imperfect  technique  bave  often  l>een  mistaken  for  organiems. 

The  Examination  of  Fresh  Blood. — To  examine  the  fresli  blood,  a  puncture  la 
made  in  the  pulp  of  the  finger  and  a  perfectly  clean  cover-glass  just  touched  to  the  top 
of  the  drop  of  blood  wliich  exudes  from  the  puncture.  The  cover  is  then  dropped 
without  pressure  on  a  clean  slide.  Tlie  diameter  of  tlic  drop  on  tlic  cover-glass  should 
never  exceed  2  mm. ,  I>ecau3e  if  more  be  talien  the  corpuscles  cauaot  spread  out  in  a  per- 
fectly tliiu  laj'cr.  but  will  overlap  each  other  and  tbe  preparation  will  be  useless.  Tlie 
search  for  the  organism  sliould  he  made  with  a  one-twelfth  oil -immersion  lens  and  a 
moderate  illumination.  The  organisms  are  best  recognized  by  the  actively  motile  pig- 
ment in  the  clear,  highly  refractilc  eidl  l>ody. 

The  Examination  of  Bi.ood  After  Fixation. — If  the  examiuation  cannot  be 
made  at  once,  stained  preparations  may  be  made.  The  smear  should  be  made  on  &  slide 
or  large  cover-glass.     It  is  best  fixed  in  a  mixture  of  formalin  and  strong  alcohol  for 


Reports,  vol.  v.,  18fl5.  The  more  recent  literature,  esptecially  that  relating  to  the  de- 
velopment of  tbe  organisms  in  the  mosquito,  is  in  Mardiiafara  and  ikgaanti,  article 
"Slalaria"  in  "Twentietli  Century  Practice."  New  York,  1900,  and  also  Liilie,  "Neuere 
Bporezoenforschung,"  Centralbl. 'f .  Bakt.,  Bd.  xxvii,  and  xxviii.,  1900.  Forastudyof 
structure  and  biology  of  Anopheles,  see  yullnU  and  SliipUi/,  Jour,  of  Hygiene,  vol.  i., 
1903.  For  practical  directions  for  the  study  of  mosquitoes,  see  Berkeley,  "  Laboratoiy 
Work  with  Mosquitos,"  1903. 
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one  minute.  The  proportioos  are  3  c.u.  of  a  ten-per-cent  solution  of  formalin  to  100  c.c. 
of  strong  ethjl  alcotiol.  The  organiams  are  moet  easily  found  and  studied  in  prepara- 
tions colored  wiih  tliionln.  The  formula  for  the  stain  is  30  c.c.  of  a  saturated  solu- 
tion of  Chionin  in  fifty -per-cent  alcohol,  added  to  100  c.c.  of  two-per-cent  aqueous 
solution  of  carbolic  acid.  The  stain  requires  several  days  to  ripen  and  then  keeps  indefl- 
nilely.  Its  action  is  rapid,  requiring  only  about  fifteen  seconds  to  color  the  malarial 
organisms  deeply. 

In  order  to  demonstrate  the  nuclear  chromatin  of  the  malarial  parasites  it  is  neces- 
sary to  use  special  stains,  the  most  useful  being  a  modificatioD  of  that  originally  devised 
by  Romanowski  for  this  purpose  and  Improved  by  Qiemsa.'  Two  substances  are  neces- 
sary; first,  an  aqueous  solution  of  "methlyene  azure  II.,  OrQbler,"  8  dgm.  to  the 
litre,  and  second,  an  aqueous  solution  of  eosiu,  "extra  water-soluble.  HOchst."  These 
two  stock  solutions  are  permanent  if  kept  in  dark-colored  bottles.  The  smears  to 
be  stained  are  fixed  in  methyl  alcohol  for  about  ten  minutes.  The  staining  mixture 
is  preparc<t  by  adding  1  c.c.  of  the  methylene  azure  II.  to  10  c.c.  of  the  eosin  solution. 
The  staining  mixture  is  poured  inti?  a  Petri  dish  and  the  slide  immersed  in  the  fluid 
with  the  blood  side  down.  The  process  is  complete  Ju  from  fifteen  to  thirty  minutes 
The  slide  la  washed  off  for  about  ten  seconds  with  a  strong  stream  of  distilled  water, 
dried  in  the  air  without  heat,  and  embedded  in  dammar  dissolved  In  xylol.  A  simpler 
method  has  recently  beeu  published.'  which  is  better  adapted  for  clinical  work.  The 
smear  is  fixed  for  two  minutes  or  more  In  methyl  alcohol,  then  stained  for  ten  seconds 
with  a  1 ;  1,000  aqueous  eosin  solution,  the  latter  allowed  to  run  off  the  slide,  and  the 
smear  again  covered  with  a  few  drops  of  a  one-fourth-per-cent  solution  of  methylene 
azure  II.  In  about  from  fifteen  to  Uilrty  seconds  the  stalninj^  is  complete.  The  slide 
should  be  washed  tu  distilled  water,  dried,  and  examined  directly  with  an  oil-immersion 
lens,  no  cover-glass  beiug  necessary, 

htfeotious  diseases  of  unknown  o&iaiN. 

Notwithstanding  the  great  increase  in  our  knowledge  of  the  infectious  diseases  made 
possible  within  the  past  few  years  by  the  new  methods  of  cultivation  of  micro-organisms 
and  by  animal  experimentation,  there  are  still  several  diseases  obviously  of  this  class 
whose  inciting  factora  are  wholly  unknown  to  us.  We  are  now  beginning  to  realize 
that  we  must  not  confine  our  search  in  this  class  of  diseases  to  the  bacteria  alone :  but 
that  among  the  protozoa  may  be  found  most  important  infective  agents.  In  this  latter 
group  of  organisms  the  culture  methoils  applicable  to  the  bacteria  do  not  furnish  the 
necessary  data  for  the  establishment  of  etiological  relationships.  While  the  significance 
of  the  nialarial  protozoan  has  been  determined  without  cultures,  the  desirability  of  arti- 
ficial culture  methods  in  the  study  of  protozoa  is  daily  becoming  clearer. 

In  the  search  for  the  inciting  agents  of  infectious  diseases  which  have  as  yet  baffled 
investigation.  It  should  be  borne  in  mind  that  it  is  quite  possible  that  bacterial  and 
other  micro-organisms  may  exist  which  arc  ultra-microscopic ;  that  is,  so  small  as  to  be 
invisible  with  such  microscopic  resources  as  we  at  present  possess.  In  one  instance,  the 
infectious  peripneumonia  of  cattle,  Nocard  and  Roux  by  a  special  technique  have 
been  able  to  isolate  an  organism  so  small  tliat  Its  morphological  clinractera  could  not  be 
l^med  even  with  the  highest  available  magnification.  Experlmeuts  with  the  filtration 
of  infectious  material,  especially  from  certain  communicable  diseases  of  animals, 
through  porcelain  filters  whose  pores  are  so  fine  as  to  retain  ordinary  bacteria,  have 
shown  that  tlie  infective  agent  may  pass  these  Altera  and  though  revealing  no  morpho- 
logical elements  is  Still  virulent.  The  possibility  of  the  existence  of  ultremicroscopic 
organisms  must  then  be  held  in  mind  iu  our  suDimaries  of  infectious  diseases  whose  in- 
citing factors,  though  persistenily  sought,  are  still  unknown.' 

iCent.  f.  Bakt.,  vol.  xxxii.,  1903,  p.  307. 

'  Wood.  Medical  News,  August  Sth,  1903,  p.  S48. 

^  For  a  most  interesting  and  suggestive  summary  of  recent  investigations  on  infec- 
tious diseases  of  unknown  origin,  see  Ilektoen,  Jour.  Am.  Med.  Assn.,  August  16th  and 
33d,  1903;  see  also  Aexu,  "' Invisible '  Microbes,"  Bull,  de  I'lnst.  Pasteur,  tomei.,  1903, 
pp.  7  and  49,  blbl. 
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THE  INFECTIOUS  BI8EASE8  OF  ANIXALB. 

Tlie  study  of  comparative  jmihology  is  of  great  and  increasing  importance,  and 
already  mucli  ligbt  Las  been  tlironn  oq  tbe  nature  of  liuniau  cliseases  \>y  tlie  study  of 
the  diseases  of  tlie  lower  animals. 

Wliile  tliis  is  true  of  patliology  in  general,  it  is  of  especial  signiflcaoce  in  tbc  study 
of  tlie  infectious  diseases  of  tlic  lower  aiiimala,  not  only  as  they  occur  aponlaneoiisly, 
but  also  ID  fields  of  experimental  researcli. 

The  scope  of  tbis  book  does  not  iiermlt  of  a  more  than  occasional  reference  lo  ani- 
mal diseases,  but  tlie  reader  may  consult ;  Xoenrd  and  lAdainche,  "  Les  Maladies  Micro- 
biennes  des  Aniinaux,"  Paris,  1698.  and  Friebei'ger  itnd  FroJiner,  "Lebrbuch  der  speci- 
ellen  Patliologie  und  Therapie  der  Haustbiere,"  1898. 

Consult  also  tbc  files  of  Lubartrk  and  0»Urtag,  "  ErgebuiBse  der  allgemeinen  Aeti> 
ologie  der  Hensclien-  und  Tliierkrankheiten." 

BIBLIOaHAPHT  OF  THE  INFE0TIOTT8  DISEASES. 

For  a  fuller  treatment  of  the  themes  considered  in  ttais  chapter  the  reader  may  con- 
sult among  tbe  larger  works: 

KoUeaiid  Hnwemnnn,  "  Handbuch  der  Mikroorganismen."  1902-04. 

Flugge,  "  Die  Mikroorganismen,"  1896.     This  is  in  many  respects  the  best  general 

Mad,  "Bacteriologie, "  1901.    Has  recent  bibliography,  especially  tbc  French, 
Among  the  smaller  works  may  be  mentioned: 

Mmr  and  llitehie,  "Manual  of  Bacteriology,"  1903.     This  is  an  excellent  epitome. 

Abbott.  "Principles  of  Bacteriology."  Especially  good  as  a  working  laboratory 
tnanual. 

Pnrk,  "Bacteriology  in  Medicine  and  Surgery,"  1899.  Presents  certain  hygienic 
and  public-health  aspects  of  the  subject. 

Wfiru.  "PK'cisde  Bacteriologie clinique."  Summariiesthe  micro-organisms  wbici 
have  been  found  in  various  lesions. 

nurppe,  "Principles  of  Bacteriology."  English  translation  by  Jordan,  1899,  is  an 
admirable  general  treatment  of  the  subject,  based  upon  a  scientillc  rather  than  upon 
the  traditional  conceptions  of  tbe  relationslilps  of  liacteria  to  disease. 

Luharieh  and  Oilertag'i  "  Ergebuisse  der  allg.  Aetiologie  der  Menschen-  u.  Thiei 
krankheiten  "  contains  valuable  resumes  and  bibliography,  issued  yearly. 

A  large  part  of  tbe  record  of  recent  study  is  widely  scattereil  in  monographs  anil 
journals. 
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■     CHAPTER  IX. 

TTTMORS. 
The  Nature  and  Characters  of  Tumors  in  General. 

The  word  tumor,  which  was  originally  applied  to  any  swelliug,  has 
become  more  aud  more  strictly  limited  iu  meaning  until  it  is  now  com- 
mouly  used  to  designate  certain  more  or  less  circumscribed  new  tissue 
growths  or  neoplasms.  But  the  formation  of  new  cells  and  new  tissues 
is  of  such  common  occurrence  under  normal  a.s  well  as  under  various  ab- 
normal conditions  that  it  is  desirable  for  us  to  fix  if  possible  upon  some 
features  by  which  the  tissue  growths  called  tumors  may  be  distiuguished 
from  other  normal  or  abnormal  new-formed  tissues.  In  the  first  place 
tumors,  like  all  tissues  formed  in  the  body  after  embryonic  life,  are  pro- 
duced by  the  proliferation  of  cells  of  normal  types,  each  of  its  bind. 

It  would  be  well  in  this  connection  to  remember  that  a  given  cell  of 
whatever  type,  be  it  of  connective  tissue,  muscle,  gland,  or  nerve,  can 
fully  maintain  the  characters  of  its  type  only  so  long  as  the  conditions 
of  its  life  do  not  greatly  differ  from  those  under  which  by  adaptation  to 
environment  the  type  was  finally  fixed.  The  characters  of  cells  are 
lai^ely  shaped  by  heredity,  and  these  characters  are  maintained  with 
great  tenacity,  but  both  in  form  and  function  cells  may  be  largely  swayed 
by  external  influences.  The  marks  of  departure  from  the  type  in  cells 
subjected  to  an  unusual  einironnient  may  be  evident  when  expressed  in 
form  or  structure,  and  sometimes  in  function,  but  it  is  well  not  to  forget 
that  even  our  most  refined  methods  of  study  of  cells  leave  by  far  the 
greater  part  of  their  metabolic  performances  wholly  in  the  dark,  while 
we  seem  as  yet  to  be  only  on  the  threshold  of  knowlei^e  of  their  structu- 
ral details. 

These  considerations  are  especially  important  in  the  study  of  tumors 
as  of  all  new  tissue  formations,  because  the  key  to  our  understanding  of 
these  lies  largely  in  the  appreciation  of  the  fact  that  every  cell  in  the 
differentiated  tissues  comes  from  a  cell  of  the  same  type.  But  this, 
which  is  sometimes  called  the  principle  of  legitimate  succession  in  cells, 
assumes  that  the  conditions  nnder  which  the  life  of  the  new  cell  is  main- 
tained shall  not  depart  too  widely  from  the  normal,  that  is,  the  usual. 
The  bearing  of  this  limitation  will  be  evident  as  we  proceed  in  our  study 
of  tumors. 

The  cap-icity  for  cell  proliferation  is  most  marked  in  the  embryo  and 
during  the  earlier  periods  of  individual  life.  When  the  body  attains  its 
development,  the  power  of  cell  reproduction,  as  we  have  seen — see  Re- 
generation, p.  94— is  largely  limited  to  special  forms  of  tissues,  such  as 
connective  tissue,  the  blood,  and  certain  kinds  of  epithelium.  This 
19 
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coustant  oormal  regeaeratioii  makes  good  the  wear  and  tear  of  normal 
cell  life.  But  here  the  capacity  for  multiplication  in  the  cells  is  closely 
eonfiued  to  the  requirements  of  the  body,  A  definite  physiological  cou- 
trol  is  evideut,  similar  iu  character  to  that  uuder  which  iu  normal  devel- 
opment the  amount  of  new  tissue  is  limited  and  its  adiiptatiou  to  the 
oi^anism  as  a  whole  secured. 

Under  normal  conditions,  furthermore,  there  may  be  a  very  large 
new  formation  of  tissue  under  special  physiological  excitation,  as  iu  the 
mammary  gland  and  the  uterus  iu  pregnancy.  But  here  also  the  charac- 
ter and  amount  and  the  functional  capacity  of  the  new  tissue  are  strictly 
limited  and  subservient  to  the  welfare  of  the  individual. 

Let  us  now  turn  from  these  normal  new  tissues  to  those  which  are 
abnormal.  We  have  already  seen,  especially  iu  our  study  of  inflamma- 
tion, that  new  tissues  may  form  even  in  considerable  amount  under 
abnormal  conditions,  such  as  iujury  with  subsequent  repair;  excessive 
functional  activity  as  in  various  hyperplasise ;  and  under  circumstances 
which  iuvolve  a  special  and  little  understood  persisteut  stimulus,  as  in 
interstitial  iuflammatioQS.  But  under  these  various  conditions  also  the 
tissue  growth  is  local,  typical  in  structure,  usiially  limited  in  amount, 
and  in  most  cases  appears  measurably  to  accord  iu  nature  and  distribu- 
tion with  the  maintenance  of  the  structural  integrity  and  general  welfare 
of  the  individual.  The  new  tissue,  in  other  words,  maintains  under  all 
these  varied  conditions  a  definitely  coordinated  relationship  to  the  body 
as  a  whole. 

\Vliile  it  is  as  yet  impossible  to  define  tumors  iu  such  a  way  as  abso- 
lutely to  distinguish  them  from  such  other  new  tissue  formations  as  we 
have  just  cited,  they  are  iu  general  characterized  by  such  irregularity  in 
growth  both  in  structure  and  extent;  by  such  a  lack  of  relationship  to 
the  functional  requirements  of  the  individual,'  by  such  an  independence 
of  that  subtle  physiological  restraint  which  limits  cell  growth  and  pro- 
liferation in  the  normal  body,  that  their  distinguishing  character  is  per- 
haps best  indicated  by  the  word  autonomy^  or  by  the  more  striking  sug- 
gestions of  the  term  cell-anarchy.  The  autonomous  or  independent 
character  of  tumors,  as  has  beeu  very  clearly  formulated  by  Thoma,  is 
especially  manifested  in  the  distinct  limitation  of  the  growth  at  the  start ; 
iu  the  tendency  to  variation  in  the  structural  type ;  iu  various  functional 
aberrations  of  the  new  cells;  in  their  interference  by  compression  or 
otherwise  with  adjacent  parts;  in  their  proneness  to  multiply  through 
local  or  distant  transplantation  of  cells;  and  finally,  in  their  liability  to 
various  forms  of  degeneration  and  necrosis. 

The  reason  why  we  cannot  more  accurately  characterize  tumors  in 
distinction  from  other  new  tissue  formations  is  chiefly  t>ecause  we  do  not 
yet  know  what  are  their  immediate  excitants.  To  this  subject  we  shall 
presently  return,  but  we  must  first  look  at  the  general  characters  of 
tumors. 

'  At)  CMtmplu  of  \\  certain  physiological  iadcpeiideacc  iu  tumora  is  sctii  In  iipomata, 
in  whidi  a  lar^c  Hmdiint  nf  fHt  tissuu  may  persist  iu  lui  iil-Qoiirisli(.'<l  individual  whose 
ful  liusotLerwist.- almost  wholly  disappvari'd  ;  or  In  niyoinatuof  an  tMrvmely  atrophied 
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Tiune  Types  in  Tnmors. — Tumors,  as  we  have  seen,  are  composed  of  the 
same  types  of  tissue  an  those  normally  existiug  ia  the  body,  and  from 
the  latter  they  are  derived  by  a  proliferatiou  of  pre-existiug  cells.  Thus 
tumors  of  the  connective-tissue  type  originate  in  coDneetive-tisBue  cells, 
of  the  epithelial -tissue  type  iu  epithelium,  of  muscle  in  muscle,  etc. 

Tumors  are  not  only  analogous  to  the  normal  tissues  of  the  body  in 
structure,  but  their  life  history  is  manifested  under  the  same  general 
laws  of  nutrition,  giowlh,  reproduction,  etc.  They  are  supplied  with 
blood-vessels  which  grow  into  them  from  adjacent  healthy  parts,  just  as 
these  do,  for  example,  into  granulation  tissue,  so  that  they  may  finally 
possess  a  more  or  less  independent  vascular  system  of  arteries,  capil- 
laries, and  veins.     They  have  lymph-vessels  and  some  of  them  nerves.' 

\Vbile  the  cell  divisions  by  which  tumors  grow  exhibit  in  general  the 
same  minute  phenomena  as  does  cell  division  in  normal  tissues  (see  page 
95),  abnormal  mitosis  is  frequent.  Thus  it  may  Ix;  multipolar;  the 
chromatic  snbstance  may  present  great  irregularity  in  form  and  amount 
(Fig.  30,  page  97) ;  there  may  be  incomplete  unclear  division,  or  the  new 
nuclei  may  varj'  in  size  and  form.  While  all  these  abnormalities  may 
occur  in  the  new  tissue  formations  and  may  be  experimentally  incited, 
they  are  unusually  frequent  in  certain  tumors  and  mark  oue  of  the  ways 
in  which  the  lawlessness  of  tumor  growths  is  manifested. 

De^nerative  and  SeBtrnctlTe  Frocesaei  in  Tumors. — Tumor  tissues  are 
subject  to  the  same  degenerative  changes  as  other  tissues;  they  may 
become  fatty  or  calcified,  ulcerated,  gangrenous,  pigmented,  etc.  By 
necrosis  a  tumor  may  be  largely  destrr)yed,  though  complete  obliteration 
rarely  occurs  in  this  way.  They  are  liable  to  undergo  the  ordinary  in- 
flammatory changes,  granulation  tissue  may  form  in  them,  and  abscesses 
and  cicatrices. 

The  rapidity  of  growth  of  tumoi'S  varies  greatly ;  some  grow  very 
slowly  indeed  and  may  change  bnt  imperceptibly  in  size  and  api>earance 
for  years,  while  others  grow  so  fast  that  they  do  not  acquire  solidity,  and 
their  elements  remain  iu  au  incompletely  developed  condition  and  are 
thus  more  liable  to  destructive  changes  than  are  normal  tissues.  Iu 
healthy  tissues  the  blood-vessels  are  supported  by  surrounding  elements, 
which  aid  them  in  sustaining  the  blood  pressure  from  within.  In  rap- 
idly growing  tumors  this  external  support  is  often  lacking,  and,  as  the 
walls  of  the  blood-vessels  are  themselves  often  badly  formed,  the  result 
is  that  the  walls  are  apt  to  become  pouched  or  aneurismal,  aud  they  often 
burst,  giving  rise  to  larger  or  smaller  interstitial  hiemorrhages. 

Shape,  Size,  and  Modes  of  Ezteniion  of  Tumors. — Tumors  have  various 
shapes:  nodular,  tuberous,  fungoid,  polypoid,  papillary,  dendritic,  lobu- 
lated,  etc.  (see  Figs.  139,  140,  141). 

Tumors  may  occur  s'lugly  or  iu  greater  or  less  numbers  in  the  same  or 
in  different  parts  of  the  Ixxly,  If  they  be  multiple  they  may  have  oc- 
cnrrcd  simultaneously  or  at  different  times  as  independent  structures. 
Or,  multiple  tumors  may  occur  jis  the  result  of  the  dissemination  in  the 
body,  from  a  primary  tumor,  of  cells  which  form  a  starting-jtoint  for 
i  IWnp,  Jour.  ExjiiT.  MeJ.,  vol.  ii,,  |i.  1.  1SU7, 
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new  tttmors.     Many  lumors  are  sliarply  circumscribed,  may  be  even  en- 
capsulated, and  iuflueuce  surrounding  parts  only  by  the  pressure  which 
they  exert  upon  them.     In  this  way  they  may  cause  dispUicemeut,  atro- 
phy, or  necrosis;  they  may,  by  pressure  on  neighboring  vessels,  induce 
cedema,     thrombosis,     etc. ; 
they  may  in  the  same  way 
lead  to   dislocation  aud  ca- 
ries of  trones, 
'  Tumors  may  grow  largely 

I  by  increaseof  elementswith- 

iu  them,  thus  simply  expand- 
I  ing;    this    is   called   central 

groicth.     They  may  grow  in 
part  or  largely  at  the  sur- 
I  face — peripheral  groxdk.     lu 

I  this  case  the  growth  may  be 

'  a  direct,  coiitiunous  eidarge- 

na.  iw.— MuLTiFLK  NuDL'UB  eiKtoMirA  uF  TiLK  SUM.      ment  of  tfac  mass  at  or  near 
the  periphery,  or  it  may  be 
by  the  formation  of  secondary  nudules  near  the  primary  growth,  which, 
gi'adually  enlargiiig,  finaly  coalesce  with  the  latter,  forming  a  paH  of 
the  inHlnlar  tnnior.  This  mode  of  enlargement   is  called  disroniiHumts 


tia.  14a— fiARtoHA  or  Tui  FoBKAEiH.    A  luinor  ol  Uio  lobulauid  trpe. 

peripheral  growth,  and  is  due  to  the  dissemiuation  of  cells  from  the  mother 
tumor  into  the  adjacent  tissue  through  the  blood  or  lymph  channels,  and 
their  proliferation  at  the  points  of  lodgment.  This  dissemination  may 
occur  by  the  agency  of  blood  or  lymph  currents  or  by  the  amoeboid  move- 
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mentn  of  the  cells.  Those  new  cells  formed  in  tnmora  which  are  char- 
acterietie  of  the  growth  are  all  desceiidauts  of  the  cells  iu  which  the 
neoplasm  starts  and  maintain  their  general  type.  But  (he  old  tissue  of 
the  part  in  which  the  tumor  grows  may  remain  with  its  vessels  and  form 
a  matrix  whose  interstices  are  filled  with  the  new  tumor  tissue;  or  the  old 
tissue  may  furnish  the  starting-point  for  a  new  growth  of.a  fibrous  aud 
vascular  nutrient  aud  sustaining 
stroma. 

Metastasis  of  Tumors.— All  tu- 
mors are  not  limited,  as  we  have 
seen,  t-o  that  part  or  region  of  the 
body  lu  which  they  first  occur. 
Soouerorlatersecoudarynodnles 
resembling  the  first  may  be  found 
in  distant  partsofthc  body,  some- 
times singly,  sometimes  in  great 
numbers.  These  may  grow  like 
the  parent  tumor,  and  them- 
selves form  foci  for  new  dis- 
seminations. 

This  dissemination  of  tumorp 
is  one  of  the  most  important 
elements  of  malignancy,  and  is 
called  mrt(Wte*wt,  the  secondary 
tnmors  being  called  melaMatic 
tumors.  Thisocenrsbythetrans- 
jjortation  of  tumor  cells  through 
the  blootl  or  lymph  channels 
(Fig.  142).  Since  the  tumor  it- 
self may  contain  new  and  biully 
formed  blood  and  lymph  vessels, 
and  its  structures  be  in  close  con- 
tact with  the  vessels  of  the  tissue 
in  which  it  grows,  the  cells  of 
the  primary  tumor  may,  by  ul- 
ceration  throngh    or  bv  atrophy        F10.1«.-i  nodular  polypoldtumoi^-abrDniB^haDBlng 

of  the  walls,  readily  find  their 

way  into  the  lumen  of  the  vessels  and  be  swept  away  by  current.s  as 
emboli,  and,  finding  lodgment,  proliferate  and  grow,  forming  secondary 
tnmors;  or  the  proliferation  may  occur  in  the  vascular  endothelium 
itself,  when  the  formation  of  emboli  is  eiusy  to  understand.  When  carried 
through  the  lymph  vessels  the  tumor  cells  may  for  some  time  be  kept 
fi-om  the  larger  channels  and  from  general  dissemination  by  lodgment 
iu  the  lymph-nodes,  where  they  may  establish  independent  tumors. 

The  tnmors  iu  which  metiistasis  is  mast  apt  to  occur  are,  as  a  rule, 
those  which  grow  rapidly,  are  vascular  and  succulent,  and  contain  many 
cells.     The  narts  of  the  body  in  which  metastatic  tnmors  are  most  apt  to 
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form  depend,  of  course,  upon  tlie  situation  of  the  primarj'  tumor  aud  the 
distribution  of  the  vascular  channels  through  which  dissemination  ocelli's. 
Metastasis    affords    one    of    the    most 
noteworthy  examples  of  the  great  prolif- 
erative   capacity   of  the  cells   of  malig- 
nant tumors.     For   in  the   metastasis  of 
nonnal   tissue  cells,    sncli   as    not  infre- 
quently occurs  after  injuries  to  the  bones 
or  the   liver,    for  example — the  so-called 
parenchyma  c*^ll  emboli — the  transported 
cells  Invariably  soon  die  and  are  disposed 
of  as  foreign   bodies.      But  the  exulted 
proliferative  capacity  .of  detached  tnmor 
F,fl.  i42.-Aiamor^enPmhoiusKr.winB<*"8  enables  them    in   spite  of    advei-se 
prinUn^rei^a'iii ihe'mlSS^'"'"  ""  coiiditious  to  establish  aiid  maintain  fresh 
foci  of  vigorous  tissue  growth. 
The  Malignancy  of  Tumors, — Not  less  variable  than  the  size,  mode  of 
growth,  and  structure  of  tumors  is  their  significance  in  the  organism. 
It  is  customary  to  classify  tumors,  for  practical  purposes,  as  malignant 
and  benign,  and  for  a  long  time  malignant  tumor  and  cancer  or  carcinoma 
were  synonymous  terms.    Now  we  know  that  other  tumors  as  well  as  car- 
cinomata  are  malignant,  and,  furthermore,  contrary  to  the  former  belief, 
that  malignancy  does  not  depend  upon  any  specific  extracellular  agent  in 
the  tnmor.     By  the  malignancy  of  a  tumor  is  not  meant  merely  the  grav- 
ity of  its  presence,  for  a  simple  fat  tumor,  by  pressing  on  the  trachea, 
may  lead  to  suffocation,  and  any  tnmor  may  secondarily  cause  death  by 
hcemorrhage.     The   real  dements  of  nmlignancy  in   a  tumor  are:   1. 
Invasion  of  adjacent  tissues  by  eccentric  or  i>eripheral  growth.     2.  The 
tendency  to  local  recurrence  after  removal,     3,  The  formation  of  metas- 
tases.    4.  An   interference  with  the   nutrition  and  general  well  being 
of  the  body,  which  may  give  rise  to  a  condition  known  as  cachexia. 
The  modes  of  invasion  of  surrounding  tissues  and  the  formation  of  me- 
tastases have  been  cousidennl  above.     The  tendency  to  local  recurrence 
after  removal  is  pi-obably,  in  most  ca.ses,  due  to  the  incomplete  remo\'aI 
of  the  peripheral  iufiltntting  cells.     These  may  be  very  few  in  uumbei' 
and  lacking  in  characteristic  structural  features,  but  are  none  the  less 
endowed  with  the  cjipacity  of  proliferation  and  development  into  a  new 
and  similar  tumor  at  or  near  the  seat  of  the  one  extirpated.     The  infil- 
trating peripheral  cells  may  remain  dormant  for  a  long  time  after  an 
operation,  or  may  immediately  commence  to  grow.     But  the  mei*  fact 
that  a  second  tumor  develojM  in  the  place  of  one  lemo^'ed  does  not  imply 
malignancy,  since  this  may  result  fi-oni  a  continuance  of  the  coTidit ions 
which  iriducetl  the  first. 

The  drain  upon  the  system  by  the  rapid  growth  of  a  tumor,  together 
with  the  absorption  from  it  into  the  body  of  deleterious  putrefactive  ma- 
ierials,  from  sloughing,  ulcci-ation,  and  degeneration,  or  the  occurrence 
in  it  of  local  infection  with  vaiious  micro  organisms  nniy  give  rise  to 
fever  aud  other  constitutional  disturbances.     Or,  the  tumor  mav  induce 
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feebleness,  anaemia,  and  that  general  impairment  of  the  nutritive  func- 
tions of  tlie  body  known  as  cachexia.  This  condition  is  frequently  ren- 
dered worse  by  the  mental  status  of  the  patient  in  the  presence  of  such 
a  traditional  object  of  alarm. 

It  should  be  remembered,  however,  that  so  long  as  they  are  localized 
and  have  not  undergone  degenerative  changes,  even  the  most  malignant 
tumors  do  not  usually  give  rise  to  a  cachesia,  since  the  drain  upon  gen- 
eral nutrition  by  their  bimple  growth  is  not,  under  ordiuarj-  conditions, 
very  great.  M'hen  the  system  is  deteriorated  by  the  absorption  of  septic 
materials  from  tissue  degeneration,  however,  this  may  become  a  very 
importaut  factor. 

This  condition  of  cachexia,  so  evidently  secondary  to  the  growth  and 
degeneration  of  the  tumor,  was  formerly  termed  a  dyscrasia  or  diathesis, 
and  was  supposed  to  precede  and  induce  the  growth  of  malignant  tumors, 
particularly  cancers. 

It  is  further  to  be  noted  that  the  fragments  of  tumors  which  have 
found  access  to  the  vessels  may  act  as  simple  emboli  leading  to  immediate 
death,  or,  if  infected,  may  incite  metastatic  abscesses. 

It  was  formerly  supposed  that  the  cells  of  malignant  tumors,  particu- 
larly of  carcinomata,  had  a  characteristic  structure  and  appearance,  and 
that  by  the  examination  of  single  or  of  a  few  separated  cells  the  nature 
of  the  tumor  could  be  deteraiined.  From  the  above  consideratious  it 
will  be  evident,  since  all  tumor  cells  have  their  prototypes  in  the  normal 
body,  that  there  is  nothing  pathc^uomonic  iu  the  appearances  of  single 
cells.  It  is  by  a  study  of  the  genei-al  structure  and  of  the  topography 
of  tumors,  as  well  as  of  the  characters  of  the  individual  cells,  that  we  are 
enabled  to  determine  their  nature.  And  even  then  we  must  often  bring 
to  our  aid  the  clinical  history  and  gross  appearances  of  the  growth  be- 
fore a  defiuite  conclusion  can  be  reached.  We  may  indeed  sometimes, 
aide^l  by  the  cliniciil  history  or  gross  api>earances,  be  able,  by  the  micro- 
scopical examination  of  scrapings  from  a  tumor  or  of  fluids  from  an 
internal  cavity  in  which  it  is  glowing,  to  form  a  reasonable  conjecture 
regarding  its  nature.  As  a  rule,  the  peripheral  portions  of  the  more 
rapidly  growing  tumors  are  best  adapted  for  microscopical  examination, 
because  here  secondary  dcgenei-ative  changes  are  less  likely  to  have  oc- 
cnri'ed  than  in  the  central  parts. 

The  Transpliintatioa  of  Tnmors. — In  view  of  the  frequency  with  which 
fresh  foci  of  tumor  cell  growth  are  established  in  the  same  individual  by 
metastasis,  by  trausplantation  over  serous  surfaces,  or  on  apposed  mucous 
membranes,  and  stimulated  by  the  few  recoided  cases  in  which  tumors 
seem  to  have  been  incited  in  another  individual  through  transference  of 
the  cells  by  contact,  it  is  not  snrjirising  that  a  great  deal  of  experimental 
work  has  been  done  upon  the  artificial  transference  of  tumors  by  \arions 
forms  of  gi-afts  or  transplantations  from  man  to  the  lower  animals  and 
from  animal  to  animal  Iwth  within  and  without  the  limits  of  species. 

The  scope  of  this  work  does  not  permit  a  review  of  these  interesting 
researches.     But  it  may  be  said  in  general  that  they  ha^'e  been  almost 
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always  unsnccessfnl  Bave  in  a  very  few  iustauces,  within  the  limite  of  tlie 
same  animal  species,  and  even  here  the  new  growths  at  the  seat  of  trans- 
plantation have  been  usually  transitory  or  of  donbtful  chara«ter.  The 
transferred  tumor  tissue  is  usually  absorbed  as  foreign  bodies  commonly 
ai-e,  and  the  new  tissue  growths  which  have  been  not  infrequently  de- 
scribed are  apparently  for  the  most  part"  of  inflammatory  nature. 

We  are  forced  in  all  tliese  experiments  to  recognize  subtle  physiologi- 
cal conditions  peculiar  to  even  closely  related  species  of  animals  without 
which  their  cells  cannot  flourish  or  long  exist.  Grafts  of  healthy  tissue 
from  individuals  of  the  same  8i)ecies,  especially  of  epithelium,  may  in- 
deed, as  is  well  known,  grow  for  a  time  and  form  foci  of  abundant  new 
cell  production ;  but  in  such  cases  the  new  tissue  is  strictly  subordinated 
to  the  physiological  requirements  of  the  host  and  does  not  assume  the 
characters  of  an  autonomous  neoplasm.' 

The  Etiolc^ry  ot  Tumors. 

The  etiology  of  tumors  is  one  of  the  most  complex  and  in  many  ways 
diflicult  subjects  in  general  pathology,  and  with  the  limitations  which 
the  character  of  this  work  imposes  we  can  touch  only  briefly  upon  some 
of  its  more  important  aspects,  referring  to  more  extended  works  and  to 
monographs  for  a  vast  amount  of  statistical  and  experimental  data,  as 
well  as  for  the  many  more  or  less  plausible  hypotheses  which  have  been 
framed  in  tlie  attempts  to  comprehend  these  anomalous  manifestations 
of  cell  energy. 

General  Conditions. — We  shall  first  consider  some  of  the  general  con- 
ditions which  seem  to  have  a  bearing  upon  the  occurrence  of  tumors. 

Age. — WTiile  it  may  be  said  in  general  that  tumors  are  most  frequent 
in  adult  and  advanced  life,  it  is  noteworthy  that  tumors  of  the  connective- 
tissue  type  are  apt  to  develop  earlier,  while  the  epithelial  tumors  are 
more  fi-eqnent  in  the  later  periods.  Thus,  in  one  thousand  and  sixty- 
three  cases  of  epithelial  tumors  analyzed  by  Galtard,  only  six  occuired 
in  the  first  ten  years  of  life.  The  most  common  situation  of  tumors  dif- 
fers also  in  the  young  and  in  the  old.  Thus,  in  the  earlier  years,  as 
statistics  show,  the  most  frequent  seat  of  tumors  is  the  eyes  and  their 
adnexa,  the  kidneys,  bones,  and  testicles ;  whereas  in  adults  and  the  aged, 
the  stomafb,  uterus,  liver,  and  mamma  are  most  commonly  involved. 

Sex. — Sex  is  also  a  significjint  factor  in  the  development  of  tumors, 
especially  of  those  which  are  malignant.  Thus,  in  general,  it  may  be 
said  that  the  statistics  indicate  malignant  tumors  to  be  about  twice  as 
f  i-equent  in  females  as  in  males.    This  proportion,  however,  does  not  hold 

'  The  results  of  experimental  transplaatalioii  of  tumors  Lave  been  well  summarized 
— witli  bibliograpliy — bv  Meneln'er  in  Bouclmrd'a  "Traiie  dc  Patliologie  generale."  vol. 
Hi..  Part  ii..  p.  752;  also'by  .Siiifer.  Am.  Jour.  Med.  Sciences,  vol.  exx,.  p.  190, 1900.  bibl. 
See  furtLer  A'idiiilt.  Jour,  Boston  8oc.  Med.  Sciences,  vol.  v.,  p.  34.  1900.  Consult  also 
for  the  results  of  the  transplantatioD  of  enibryonal  cells  in  the  adult  animal's  body, 
Bireh-Hir»eJifeld  and  Garten.  Ziegler'a  Bellrftge.  Bd.  xxvi..  p.  182,  18W.  biiiliogrepby; 
see  Loeii.JnuT.  Med.  Researcb,  vol.  vi.,p.  2S:  also  resume  by /.jw*,  with  bibl..  Jour. 
Am.  Med.  Assn.,  April  11th.  1908;  also  FalCerer.  Medlciue,  March,  1903. 
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good  for  tumors  of  the  individual  organs.  For  example,  tumors  of  the 
stomach  and  of  the  tougue  and  lips  are  more  frequent  in  men  than  in 
Tomeu.  On  the  other  hand,  tumors  of  the  breast  are  far  more  common 
in  women  than  in  men. 

HereAity. — While  the  influence  of  heredity  is  difficult  tti  estimate  ac- 
curately, there  are  a  few  well-authenticated  iiistaueea  of  the  remarkable 
prevalence  of  malignant  tumors  in  families  within  a  few  generations. 
The  general  facts,  however,  are  not  so  striking.  The  statistics  of  Wil- 
liams showed  that  in  two  hundred  and  thirty-five  eases  of  carcinoma  of 
the  uterus  or  breast,  about  nine  per  cent,  gave  a  history  of  carcinoma  in 
father  or  mother,  while  in  nearly  twenty  per  cent,  there  was  evidence  of 
carcinoma  in  the  family.  In  the  estimates  of  other  observers,  the  hei-ed- 
itary  influence  seemed  evident  in  about  one-third  or  one-fourth  of  the 
cases.  It  is,  however,  instructive  in  this  connection  to  note  that  in  a 
study  by  Snow,  of  seventy-eight  healthy  persons  there  was  evidence  of 
carcinoma  in  the  family  in  about  one-fifth  of  the  cases. 

It  is  clear,  therefore,  that  while  such  statistics  are  suggestive  and  on 
the  whole  indicate  that  an  hereditary  predisposition  to  the  development 
of  tumors  may  exist,  this  does  not  in  any  way  account  for  the  immediate 
incitement  of  the  growth  of  tumors,  and  is  indeed,  as  MenStrier  has  urged, 
but  one  of  many  examples  of  hereditarj'  predisposition  which  is  observed 
in  many  forms  of  disease,  snch  as  infectious,  cerebral  apoplexy,  etc. 

The  influence  of  eh'mate,  food,  race,  and  social  condition  has  been  in- 
voked as  tearing  upon  predisposition  to  the  growth  of  tumors;  but  the 
evidence  is  not  convincing  that  these  are  very  significant  in  etiologj'. 

Local  FredispoBing  FactOTs. — When  we  turn  from  the  general  to  the  local 
conditions  bearing  upon  the  origin  of  tumors,  we  find  an  imposing  array 
of  instances  in  which  tumors,  and  especially  malignant  tumors,  follow 
local  injuries,  either  mechanical  or  tosic,  or  are  associated  with  chronic 
inflammatory  processes.  Braises  or  contusions,  particularly  those  in- 
volving the  bones,  are  not  infrequently  followed  by  malignant  tumors, 
and  it  is  noteworthy  that  these  tumors  are  most  apt  to  be  of  the  connec- 
tive-tissue type — sarcoma,  osteo-sarcoma,  chondroma,  etc.  Epithelial 
tumors,  on  the  other  hand,  are  more  frequently  developed  at  the  seat  of 
repeated  injury  or  long-continued  irritation.  Thus,  epitheliomata  are 
common  in  the  mouth,  near  a  rough  ulcerated  tooth,  on  the  lips  of  pipe 
smokers,  at  the  edges  of  chronic  ulcei-s,  on  the  skin  of  workers  exposed 
to  various  chemical  or  mechanical  irritants;  in  cicatrices;  at  the  orifices 
of  the  stomach  and  at  the  anus.  Finally,  the  frequent  occurrence  of  car- 
cinoma of  the  liver  with  cirrhosis,  though  less  easy  of  interpretation  than 
many  instances  of  the  association  of  tumors  with  chronic  inflammation, 
is  worthy  of  notice  in  this  connection. 

Before  concluding  this  brief  survey  of  the  relation8hii>s  of  tumors  to 
trauma,  prolonged  irritation,  and  chronic  inflammation,'  it  may  be  wise 
to  remind  the  reader  that  undue  significance  should  not  be  attached  to 
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this  oceasloual  association,  siuce  iu  tlie  great  majority  of  cases  tliese 
couditioiis  are  not  followed  by  tuniors,  nor,  furthermore,  has  it  ever  l>een 
possible  to  induce  genuine  tumors  experimeutally  under  these  i-eadily 
secured  conditions  in  animals.  The  bearing  of  trauma  upon  the  origin 
of  tumors  is  to  be  held  iu  mind  iu  estiuiating  the  iuflncuce  of  sex,  siuce 
males  are  iu  general  more  liable  to  injuries  than  females. 

The  relatively  common  development  of  tumors  in  pigmented  and 
other  nsevi  of  the  skin  illustrates  the  signiticiince  of  local  malfoi-maiiorui 
aa  predisposing  factors  iu  the  origin  of  tumors.' 

Seveml  cases  have  been  recorded  in  which  through  injury  there  has 
been  a  mechanical  displacement  of  cells — heterotopia — from  which  in 
theii'  new  situation  tumors  have  developed.  These  cases,  which  haie 
been  in  a  meiisure  paralleled  by  experiments  in  animals,  illustrate  au 
important  class  of  congenital  tumors,  often  cystic  in  character,  which 
arise  from  euibrjonal  cell  displacement,  or,  or  is  the  case  in  many  of  the 
tumors  of  the  ueck  at  the  site  of  the  branchial  clefts,  from  an  im{)erfect 
closure  of  embryonal  openings. 

We  have  seen  that  snch  evident  malformation  as  the  ntevi  of  the  skiu 
may  form  the  starting-point  of  malignant  tumors.  We  know  that  iu 
many  ciises  cells  or  tissues  or  parts  of  oi^ns  displaced  during  embryonal 
life,  as  in  the  branchial  clefts  or  iu  the  kidney,  may  later  develop  into 
tumors.  Cohuheim  has  gone  further  than  this  and  framed  an  hypothesis 
to  the  effect  that  all  true  tumors  are  due  to  faulty  embrj'onal  develop- 
ment. In  accordance  with  this  hypothesis,  cells  which  iu  the  course  of 
the  development  of  the  body  may  be  displaced  or  become  snperfluous  or 
do  not  undergo  the  usual  changes,  may  remain  for  long  periods  unaltered 
but  liable  in  later  life,  from  whatever  reason,  to  commence  growing  with 
all  the  potencies  of  lowly  organized  cells  in  the  midst  of  the  mature  tis- 
snes.  The  noteworthy  induenctt  of  heredity  in  the  occurrence  of  some 
tumors,  the  congenital  nature  aud  early  development  of  others,  their 
atypical  structure  in  general,  aud  the  tendency  of  many  forms  to  occur 
in  situations  in  which  during  the  development  of  the  embryo  consider- 
able complexity  e.xists,  as  well  as  their  frequent  primary  multiplicity — 
all  of  these  characters  of  tumors  lend  considerable  plausibility  to  Cohu- 
heim's  hypothesis,  and  it  appears  to  be  applicable  in  certain  cases.  But 
it  still  lacks  a  morphologicjil  basis,  since  no  one  has  seen  the  postulated, 
strayed,  or  dormant  embryonic  cells;  again,  it  by  no  uieaus  follows  be- 
cause tumoi*  often  develop  at  the  seat  of  malformations  or  may  arise  in 
embryonal  heterotopias  that  all  tumors  are  thus  associated ;  aud  finally, 
the  frequent  origin  of  epitheliomata  in  cells  which  have  been  formed  iu 
adult  life,  in  cicatrices,  for  example,  is  evidence  that  this  hypothesis  is 
not  in  any  event  of  nniversjil  application. 

'  U  should  be  rememlKTwl  that  many  of  tlie  complex  tissue  growllis often  reckoned 
among  tiimnrs  and  called  tenifoumla  are  really  embryonic  nidinieniR  of  nnntbcr  indi- 
vidiinT.  While  sucli  rudimcntan' embryos  may  be  larj^e  nnd  present  siicli  diversity  and 
arrangement  of  tisane  as  to  render  the  tliaracler  of  tlie  jjrowtU  obviows,  tliey  may.  on 
tlio  otiicr  liond,  lie  veiy  siniple  in  character,  as  in  sonic  of  the  so-callnl  dermoid  cysts 
These  an-  all  lo  be  rejpirded  mllier  ns  Tnal formal iou8  tlian  ua  genuine  luinors. 
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We  liave  uow  reviewed  a  series  of  conditious  which  appear  more  or 
less  directly  to  bear  iipou  the  origin  of  tumors ;  general  couditioiis,  such 
as  age,  sex,  hereditary  iuflueiices,  etc. ;  local  conditions,  such  as  coiigen- 
ital  or  acquired  malformations,  injuries,  long  continued  irritation,  or 
inflammatory  processes.  But  when  all  these  are  taken  into  the  account, 
we  do  not  appear  to  have  gained  a  definite  clew  to  the  immediate  actual 
excitant  of  the  new  growths.  Given  any  or  all  of  the  varied  predispo- 
naiits,  why  do  the  cells,  which  under  any  of  these  favoring  conditions 
may  have  remained  long  inactive,  and  indeed  usually  do  so,  presently 
begin  to  proliferate  and  continue  this  new  activity  beyond  tiie  limita- 
tions of  structural  types  or  physiological  correlation?  It  would  appear 
that  either  there  are  external  excitants  of  cell  growth,  as  yet  unknown  to 
us,  which  suddenly  become  active,  or  else  we  are  face  to  face  with  the 
fundauieutal  probleui  as  to  the  nature  of  the  normal  physiological  im- 
pulses to  cell  growth  and  proliferation'  and  the  restraining  influences  to 
which  these  ai*  subject. 

l[icro-o]%aEisms  as  Excitants  of  Tumora. — It  is  not  surprising  that 
micro -oi^ao isms  should  have  beeu  thought  of  as  possibly  direct  escitants 
of  tumors,  especially  in  view  of  a  certain  crude  analogy  between  some 
phases  of  tumor  growth  and  metastasis  and  some  forms  of  infection  with 
metastasis.  Bacteria  of  many  kinds  have  in  fact  been  frequently  found 
in  tumors  of  mauy  sorts;  but  there  is,  in  the  opinion  of  the  writer,  no 
conclusive  reason  at  hand  for  the  belief  that  they  are  e\-er  of  any  signifi- 
cance save  as  chance  confamiuations  of  vulnerable  tissues  or  as  iucitauts 
of  secondary  and  complicating  lesions. 

A  great  deal  has  recently  been  written  about  certain  structures  which 
are  not  infrequently  found  in  or  l>etween  tumor  cells,  es])ecially  in  the 
carcinomata,  and  have  been  hastily  assumed  to  be  parasites.  These  cell 
"inclusions"  are  for  the  most  part  larger  or  smaller  rounded  bodies  (Fig, 
134);  with  or  without  nuclei;  sometimes  with  double  contours,  some- 
times not ;  usually  sharply  outlined  agaiust  the  cell  protoplasm  in  which 
they  lie;  often  crowding  the  nucleus  to  one  side,  often  situated  within 
the  nucleus,  or  appai-ently  replacing  it.  Some  of  them  are  iuvaginnted 
epithelial  or  other  cells,  or  cell  nuclei  which  have  uudei^one  various 
degenerative  metamorphoses,  fragmentation,  etc. ;  some  of  the  question- 
able structures  appear  to  be  the  metamorphosed  unciei  of  the  tumor  cells 
themselves.  They  may  be  single  or  there  may  l)e  several  in  a  cell. 
Similar  objects  are  to  l)e  found  in  other  than  tumor  tissues.  They  are 
readily  stained,  with  varying  degrees  of  intensity,  by  hjemotoxyiin,  eosiu, 
safrauin,  or  fuchsin.  There  is  in  the  writeis'  opinion  no  evidence  either 
tliat  these  are  living  organisms  or  that  they  have  anything  to  do  with  the 
origin  of  tumors. 

While  eoceidia  or  allied  organisms  with  which  these  bodies  have  been 

compared  are  capable  of  inciting  the  growth  of  a  small  amount  of  new 

connective  tissue  and  sometimes  of  epithelium,  such  growths  are  apiKir- 

ently  inflammatory  in  charatfer  as  are  those  other  new  tissue  fonuationb 

'Cousiiit  llio  section  on  Itofc'i'Ufmlioti,  p.  94 
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incited  by  the  tubercle  bacillus,  the  lepra  bacillus,  et«.,  which  have 
sometimes  been  classed  with  tumors  and  called  infectious  granidomaia. 
The  reader  is  referred  to  the  sections  dealing  with  the  nature  of  the 
indammatory  process  in  general,  page  123,  and  to  the  introductory  section 
in  the  present  chapter  for  a  review  of  the  differences  iu  the  conception 
of  the  iuflammatory  processes  and  tumor  formatioi]. 

Attention  has  recently  been  called,  iu  connection  with  tumors,  to  cer- 
tain forms  of  yeasts  or  blastomycetes  as  excitants  of  new  tissue  growths, 
but  these  also  appear  to  be  indammatory.  The  cultivation  of  yeasts  from 
the  tissues  of  malignant  or  other  tumors  is  of  no  more  significance  than 
the  cultivation  of  bacteria  under  similar  conditions. 

The  nearly  uniform  failure  iu  the  attempts  to  transplant  tumors  from 
one  species  of  animal  to  another,  and  the  absolute  failure  to  cultivate, 


FlO.  l43.-~EPITnKLrAL-CELL  "INCLDBIONB"  IN  TCHOBB. 
Shotriiut  varlouB  tonna.    From  cardnonia. 

either  directly  or  by  inoculation,  any  constant  oi^nisms  from  them 
which  are  capable  of  inducing  experimental  tumor  growths,  speak  with 
much  force  against  the  notion  of  the  parasitic  origin  of  malignant  tumors. 
Moreover,  the  great  diversity  in  character  and  in  the  inconstancy  of  oc- 
currence of  the  objects  which  have  been  regarded  as  of  possible  signifi- 
cance in  tumors,  greatly  diminishes  the  plausibility  of  the  claims  which 
have  been  made  for  them. 

It  is  much  to  be  regretted  that  most  of  those  who  advocate  the  para- 
sitic nature  of  tumor  excitants  should  be  so  engrossed  with  the  alleged 
parasites  that  they  largely  ignore  the  dominant  characters  and  the  life 
history  of  the  tumors  themselves,  especially  of  malignant  forms,  and  the 
fundamental  distinctions  between  these  and  such  inflammatory  growths 
as  may  superficially  resemble  tumors  and  which  are  undoubtedly  often 
incited  by  various  kinds  of  micro-organisms. 

We  do  not  of  course  assert  that  tumors  cannot  be  incited  by  parasites, 
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but  at  present  it  seems  to  ns  ttiat  uo  adequate  ground  exists  for  believing 
that  they  are.' 

It  is  iudeed  not  improbable  ttiat  a  local  predisposition  to  tumor 
formatiou  akin  in  nature  to  that  which  now  and  theu  is  attributable  to 
trauma  may  be  occasionally  induced  by  micro-orgauisms.  But  this  it 
remains  for  future  researches  to  demonstrate. 

The  Complexity  of  the  Problem  of  the  Etiolc^  of  Tnmon. — It  seems  to 
the  -writer  that  to  seek  for  a  single  external  excitant  or  group  of  ex- 
citants for  the  aberrant  tissue  growths  which  we  call  tumors  is  to  ignore 
the  many  still  obscure  influences  which  are  at  work  in  all  tissue  growth, 
especially  those  physiological  agencies  which  foster  cell  proliferation  and 
tend,  uuder  the  influence  of  heredity,  to  specialization  in  form  or  func- 
tion. On  the  other  hand,  not  to  be  ignored  are  those  influences,  whether 
of  nutrition  or  pressure  or  exposure,  which  mould  the  cell  growth  under 
normal  conditions  into  fixed  and  useful  forms.  It  is  rather  a  matter  for 
surprise  that  ever-changing,  self- regenerating  living  tissue  does  not 
oftener  go  astray  in  its  activities  than  that  it  should  only  now  and  then 
do  80.  This  latter  somewhat  inverted  point  of  view  may  be  useful  iu 
calling  away  the  attention,  in  discussing  the  etiology  of  tumors,  from  a 
too  close  regard  to  extraneous  factors,  and  directing  it  to  the  many  still 
unexplored  fields  in  cell  physiology  with  which  we  must  perhaps  become 
familiar  before  we  can  with  fair  hope  of  success  attack  the  serious  prob- 
lems of  both  the  excitation  and  the  prevention  of  tumors. 

No  adequate  conception  can  be  gained  of  the  complexity  of  the  prob- 
lem involved  iu  the  origin  of  tumors  or  of  the  directions  in  which  the 
highest  promise  of  experimental  research  lies  without  a  rec(^uition  of  the 
new  cell  lore  derived  from  a  study  of  the  lower  and  simpler  forms  of  life.' 

The  more  commonly  accepted  and  time-honored  view  of  the  imme- 
diate excitation  of  tumors  is  that  they  are  due  to  some  stimulus — "forma- 
tive stimulus  " — by  which  the  proliferative  capacity  of  the  cells  is  in- 
creased. ^\'hat  the  nature  of  this  postulated  stimulus  may  be  and  how 
it  is  brought  to  bear  upon  the  ti-ausfoimatious  of  energy  which  through 
the  subtle  mechanism  of  the  cell  is  manifested  iu  proliferation,  is  in 
nowise  clear,  nor  does  it  seem  likely  to  become  so  until  we  gain  a  deeper 
insight  into  the  life  processes  of  Uie  cell  in  general.  It  is  possible  that 
recent  experiments  (referred  to  on  p^e  106)  on  the  artificial  excitation 
by  chemical  substances  of  cell  proliferation  and  the  development  of  the 
embryo  in  certain  of  the  lower  animals  may  lead  to  a  wider  conception 
of  the  nature  of  the  conditions  under  which  tumors  are  formed. 

There  are  obvious  alterations  in  the  character  of  the  cell  growth  iu 
tumors  in  which  they  deviate  often  widely  from  the  norm.     It  has  been 

'  For  bibliography  rclatiiit;  to  the  alleged  parasitic  excitants  of  tumors,  consult 
OilchriKt.  Johns  Hopkins  Hospital  Reports,  vol.  i.,  p.  333,  1896;  also'  Park,  American 
Journal  of  the  Medical  Sciences,  vol.  cxv,,  p.  516,  189».  For  an  interesting  resume  of 
the  factors  involved  in  the  origin  of  tumors  see  Adami,  vol,  vii.,  pp.  309  and  343,  1901, 
or  Brit.  Med.  Jour..  Mareli  IBth,  1901. 

'  For  a  clear  ami  comprehensive  summary  of  the  new  lines  of  resrarch  in  cytology, 
sec  Wilton,  "Some  Aspects  of  Biologlctil  Research,"  Tbe  International  Monthly,  July, 
1900. 
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ijuggested  liy  Hansenianu '  and  others  that  these  alterations  may  be  due 
to  a  loss  of  differeutiatioQ  in  the  tiiniov  cells  and  the  assuiuptiou  of  a 
more  iudepeudeiit  existence.  This  condition  has  been  called  Anoplasia, 
and  while  the  term  characterizes  au  important  series  of  facts,  it  leaves 
them  unexplained. 

Thus  it  is  still  uncertain  whether  the  removal  of  mechanical  or  other 
restraints  to  cell  growth  and  proliferation;  or  the  acquirement  of  new 
capacities  through  retrograde  di ffe rent iat ion  or  reversion ;  or  the  action 
of  some  as  yet  unknown  "formative  stimulus,  "are,  either  individually  or 
collectively,  and  if  so  in  what  degi-ee,  concerned  in  the  origin  of  tumors.' 

A  iiiurL'  HUbllc  uiid  perliaps  more  comprehensive  view  of  tliu  agencies  whieli  must 
be  tnkcD  into  the  account  in  Ibu  uxcitatinu  of  tumoi's  is  tliaC  L'Spccially  a<)voc»lcd  liy 
Weigert  *  aud  Kibbcrt.'  Tliese  observers  ami  those  in  sympathy  with  tlieir  views  do 
not  admit  a  new  fiirmatlve  stimulus  into  tlielr  conception  of  the  origin  of  tumors,  hut 
regard  the  usual  potencies  of  tlic  cells  iu  this  respect  to  be  suMcient  if  the  natural  re 
stmints  lo  over  proliferation  he  in  any  way  diininislied. 

Ribbert  bas  perhaps  more  deflnilely  tlian  any  other  framed  a  working  liypothesia 
along  these  lines  wliich  is  at  least  suggestive.  He  lays  stress  In  his  conception  of  the 
origin  of  tumors  upon  the  Intimate  associations  of  the  cells  of  the  normal  body  as  parts 
of  an  organism,  whose  varied  capacities  arc  normally  held  in  some  fasliion  tinder  mutual 
restraint  in  subservience  to  their  common  welfare.  This  mutual  relatiouship,  however, 
once  destroyed,  for  example,  by  the  separation  of  cells  or  cell  groups  from  tlieir  organic 
associations,  they  assume  less  highly  differentiated  eliaracters.  tbelr  physiological  capac- 
ities are  no  longer  held  in  leasb,  and  these,  if  the  nutritive  and  oilier  conditions  be 
favorable,  may  express  tbcraselvcs  in  exaggerated  fasliion  by  excessive  growth  and 
prolifemtfon. 

Ribbert  explains  the  way  in  which  lie  conceives  that  the  process  of  cell  disassocia- 
tion  and  release  from  restraint  may  occur.  Since  lie  does  not  admit  a  primary  increase 
in  the  inherent  proliferative  capabilities  of  the  cells,  he  cannot  assume,  as  Is  commonly 
done,  tliat  the  process  is  initiated,  in  carcinoma  for  example,  by  the  epilhelial  cells. 
He  assumes  that  tlie  process  may  start  in  the  connective  tissue,  whirh  Is  liable  to  in- 
crease in  amount  in  response  to  a  variety  of  influences,  notably  those  which  Involve 
trauma,  or  simple  inflammation,  or  replacement  hyperplasia.  In  tlie  starting  of  carci- 
noma of  the  stomach  or  intestine,  for  example,  Ribbert  asserts  Ibat,  in  many  cases  at 
least,  tlie  new-formed  connective  tissue  cuts  off  cells  or  cell  groups  from  their  organic 
connections,  and  claims  that  in  this  way  alone  we  may  account  for  the  required  release 
from  the  restraints  of  Ihc  organic  a.ssoeiation  and  the  exuberant  aberrant  growth  wbich 
follows. 

This  view  is  interesting  in  connection  with  the  frequent  association  of  carcinoma 
with  chronic  inflammation,  wliicli  has  been  already  noted.  While  obviously  vague  and 
open  to  many  objections,  and  apparently  applicable  to  but  a  small  group  of  tumors, 
and  while  not  yet  confirmed  by  experimental  results,  this  view,  nevertheless,  perhaps 
indicates  the  lines  along  which  fruitful  research  may  he  expected. 

' llimiem/iint,  "Die  mikroscopische  Diagnose  d.  bOaartigen  Geschwnlste,"  Berlin, 

1897,  see  also  r69um6  aud  bibliography  by  Archog,  Lubarsch  and  Ostertag's  "Ergeb 
uissi.',''  JaUrg.  v.,  1898,  p.  22. 

'  For  a  resume  of  some  recent  studies  on  atypical  mitosis  in  tumors  see  Farmer, 
Nature,  Feb.  4ili,  1904:  a\so Rie/ifi/rd  tind  Murray.  Froc.  Koy,  Soc.,  January  21st,  1904. 

'Weigert,  "Neue  Fragestellungen  in  path.  Anat.,"  Deut.  ined.  Woclienschr.,  1896, 
p.  685. 

*  Ribbert,  Deul.  med.  Woehenschr..  1895.  Nos.  1,  2,  8.  and  4.  bibl.;  also  ibid.,  1896. 
No.  30;  also  "Dus  patliolog.  Wachstbum  der  Gewel>e,"  Bonn,  1806.  See  for  opposing 
views  the  monograph  by  LnbitrKk.  "Zur  Lehre  v.  d.  Gesehwnlsten  u,  Infectionskronk- 
heiten."  Wiesbaden,  1890.  p.  806,  bibl. ;  also  Ziegler,  MQnch.  med.  Wocben.,  Maith  8tb, 

1898.  p.  812.  See  also  bibliography  of  cell  regeneration  in  Fiierat,  Ziegler's  Beitrilge, 
etc..  Bd.  xxiv.,  p.  454.  1808,  and  refereiite  to  ,l«-/i.^/ above. 
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Classification  of  Tumors. 

It  is  not  possible  to-day  to  make  a  Batisfactoiy  scientific  elassiflcation 
of  tumors;  but  tlie  fact  that  they  are  cooiposed  of  structures  which  le- 
seiitble  the  various  morphological  types  of  tissue  found  in  the  normal 
body  suggests  a  grouping  of  the  various  forms  which  may  be  regarded 
as  a  useful  aud  suggestive  catalogue. 

It  should  be  remembered  that  the  usual  separatiou  of  the  normal  tis- 
sues into  groups  is  useful,  rather  because  it  facilitates  their  study  than 
because  it  expresses  absolute  aud  fuudameutal  distiuctions ;  and  the  same 
may  be  said  of  all  the  chissifications  of  tumors.  An  increase  of  our 
knowledge  concerning  their  structure  and  genesis  will  doabtless  lead  to 
a  more  accurate  grouping  of  tumors;  but  for  the  present  such  an  arrange- 
ment as  that  indicated  below  will  be  found  of  practical  value  for  the  pur- 
poses of  study.' 

CONNECTITE-TISSUE  TTFE. 
Normal  Tmiit,  Tiirmri. 

Fibrillar  connective  tissue.  Fibroma. 

"  Mucous  tissue.  Myotonia, 

EmbrjoDsl  coDnective  tissue.  Sarcoma. 

Endntlielial  cells.  EntlottiL-lioma. 

Fat  tissue.  Lipoma. 

Cartilage.  ClioDftroraa. 

Bone.  Osteoma, 

Neuroglia.'  Glioma, 

HUSCLE-TISSTTB  TTPK-HT'OHATA. 

Xoriimt  Titsiie.  Tumors. 

Smooth  muscle  tissue.  Leiomyoma. 

Striateil  muscle  tissue.  Rtialxlomyoma. 

'  The  attempt  lias  often  been  made  to  ctas^fy  tumors  willi  reference  to  the  develop- 
mental history  of  the  tissues  represented,  and  it  has  bei'n  generally  believed  tliat  cells 
once  differentiated  tu  the  primary  embryonic  layers  cannot  again  be  merged  in  type. 
Wtiite  this  principle  holds  good  in  general,  especially  for  highly  differentiated  forms, 
certain  recent  studies  have  seemed  to  indicate  that  even  this  distinction  may  not  be 
inflexible.  However  this  may  be.  it  is  certain  that  the  cells  derived  from  one  embry- 
onic layer  may  under  special  conditions  come  socloscly  to  resemble  in  morphology  those 
of  another  layer,  that  a  stniclural  differentiation,  with  our  present  resources  at  least, 
is  not  always  possible.  While,  therefore,  this,  which  is  called  the  huUigeitetie  priitcipU 
of  ditmfiidi-m,  is  most  suggestive  and  may  be  u.seful  in  connection  with  other  data  in 
uie  study  of  tumors,  it  seems  to  the  writer  that  it  is  wiser  for  the  present  not  to  base  our 
classlllcation  too  largely  upon  embryologlcal  data  In  several  particulars  still  subject  to 

Consult  In  this  connection  the  resumS  of  Xarehand  on  "  The  Relationship  between 
Pathological  Anatomy  and  Embryology,"  Verh.  d.  deulschenpath,  Oesellschaft.  Bd.  ii., 
p.  88,  ItHH), 

Seealso  the  admirable  address  by  Mtnot  on  "  The  Embryologicnl  Ba.sis  of  Rithology." 
Science.  Sfarcii  20th.  1901.  In  this  paper,  p,  4tST,  the  tissues  arc  classilicd  in  accordance 
with  their  genetic  relationships. 

'The  neuroglia,  as  well  as  the  tumors  derived  from  it,  pn'sents  marked  peculiari- 
ties in  structure.  While  the  neuroglia  is  closely  related  in  sem'sis  to  the  nervous  sys- 
tem, being  of  ectodi-rnial  origin,  its  structural  and  functional  alliance  with  the  connec- 
tive tissues  of  the  mcsixierm  seema  to  the  writers  to  Justify  for  the  present  purpose  its 
grouping  among  the  latter. 
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KEBVX-TISBTn:   TTTE— NETTBOHATA. 

VASCTJLAB-TiaSTTE  TTPE-ANOIOICATA. 

Nm-mal  Tiuue.  Tumor*. 

Blood-vessels.  Aogioma. 

Ljrmph- vessels.  Lympliangioma. 

BPITHBUAIi-TISSUE  TYPE. 

Nvmud  Tiuue.  Tumors. 

Glands.  AdeDoma. 

Tarioua  fonns  of  epithelial  cells  Carciuoma. 

and  associated  tissues. 


Tumors  Formed  by  Various  CombinationB  of  Tissue  Types. 
Mixed  Tumors. 

In  a  considerable  proportion  of  tumors  more  than  one  type  of  tissue 
is  present,  and  it  is  customary  to  indicate  this  by  compound  names,  such 
as  osteo-sarcvmu,  adeno-carcinotna,  etc.  Discrimination  is  necessary  in  the 
use  of  such  names,  however,  and  one  should  be  clear  as  to  what  he 
wishes  to  express  in  this  way.  All  tumora  have  a  certain  amount  of 
fibrous  stroma  which  carries  the  blood-vessels  and  forms  a  sustaining 
framework.  In  the  early  stages  of  tumor  growth  this  matrix  may  he  the 
tissue  in  which  the  tumor  starts,  which  is  either  not  increased  in  amount 
or  is  hyperplastic.  Thus  in  carciuoma  of  the  stomach,  the  stroma  may 
be  fibrous  in  the  mucosa  or  composed  of  smooth  muscle  if  the  stomach 
wall  be  involved;  but  such  growtlis  would  uot  be  called  either  fibro- 
carcinoma or  myo-carcinoma.  It  is  only  when  the  new  tissue  a-ssumes 
the  characters  of  an  independent  growth  that  it  can  be  justly  indicated 
in  the  compound  name.  This  may  not  be  easy  or  always  possible  to  de- 
termine, but  the  desirability  of  doing  so  should  be  held  constantly  in 
mind.  Unfortunately  the  compound  name  is  by  some  writers  used  to 
indicate  simply  tlie  seat  of  a  tumor  growth ;  in  this  sense  osteosarcoma 
means  simply  sarcoma  of  the  bone  and  uot  an  association  of  osteoma  and 
sarcoma. 

It  should  also  be  remembered  in  this  connection  that  a  tumor  of 
mixed  type  does  not  always,  perhaps  not  often,  start  as  such,  but  may 
assume  this  character  by  metaplasia  within  the  limits  of  a  tissue  group. 
Thus  the  establishment  in  fibroma  of  bone  or  cartilage  growth  and  the 
assumption  by  the  adenomata  of  the  carcinomatous  tyjie  are  common. 
Furthermore,  although  these  mixed  forms  of  tumors  may  arise  second- 
arily by  metaplasia,  the  more  or  less  distinct  forms  of  tissue  may  finally 
become  so  indei>endent  of  one  another  that  .some  of  the  metastases  from 
such  a  mixed  tumor  may  show  only  one  tissue  type.  The  possibilities 
in  tissue  metaplasia  should  be  taken  into  the  account  before  assuming, 
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as  is  too  ofteu  doue,  tbat  the  multiplicity  of  related  tissue  forms  io  a 
tomor  poiot  toward  embryonal  origin. 


Complex  Congenital  Orowths — Teratoma. 

These  are  tumors  which  frequently  contain  a  great  number  of  differ- 
ent forms  of  tissue,  snch  as  various  forms  of  fibrillar  connective  tissue, 
cartilage,  bone,  teeth,  hair,  skiu,  muscle,  and  glands.  These  are  most 
frequently  found  at  the  lower  end  of  the  spine,"  about  the  bead  and 
neck,  OF  in  the  generative  organs.  Some  of  them  probably  arise  by  an 
inclusion  of  portions  of  another  fcetus,  and  are  thus  rather  malformations 
than  tumors  in  the  limited  technical  sense.  Among  these  are  sometimes 
classed  other  and  simpler  congenital  malformations,  such  as  dermoid 
cysts,  congenital  angiomata,  and  the  so-called  pigmented  mevi  or  moles. 

Special  Tumor  Types. 

There  are  types  of  tumors  which  are  not  readily  brought  into  the 
usual  general  classifications,  since  they  are  formed  of  special  kinds  of 
tissue.  These  have  received  distinctive  names.  Thus  there  are  peculiar 
tumors  formed  of  placental  tissue  called  deeiduoma  /  of  tissue  resembling 
the  adrenals,  bj/per-nephronta,  etc. 

Lubanch'a  Qroupin^  of  Tuinora  for  Practical  Purpoaea. 

Lubarach  has  suggested  Ihe  (ollowiog  grouplog  of  tumora,  for  practical  purposes, 
without  special  reference  cither  to  their  histogenetic  or  histological  characters: 

1.  Tumora  which,  although  diilering  from  the  tissues  iu  which  tlicy  originate  in  the 
arrangement  of  their  elements,  usually  increase  in  size  but  sliglitly  or  temporarily.  In 
this  group  are  the  teratoid  growths  and  those  originating  in  embryonic  displacements, 
Buch  as  congenital  necvi.  certain  gland-like  tumors,  myoma,  fibroma,  lipoma,  chondroma, 
and  osteoma.    Such  tumors  are  usually  of  little  practical  importance. 

S,  Tumors  which,  although  cooforming  in  general  Io  Ihe  normal  tissue  type  in 
growth  Hud  structure,  still  reveal  a  considerable  independence  of  their  surroundings; 
such  are  larger  niyomala,  adenomata,  angiomata,  liponiata,  which  may  grow  slowlj' 
and  with  interruptions,  and  may  when  growth  ceases  through  degenerative  processes  oi 
necrosis  undergo  retrogression  or  even  disappear  altogether. 

3.  Tumors  which  seem  to  be  largely  emancipated  from  the  usual  physiological  con- 
trol of  normal  tissues,  txtth  in  the  rapidity  and  extent  of  growth  and  in  the  fixity  of  the 
cell  type  in  form  and  function.  In  this  class  are  the  tumors  which  are  destructive  and 
invasive  In  their  growth,  especially  the  sarcomata  and  carcluomata. 

These  three  classes  may  in  reality  be  con^dered  to  represent  only  stages  in  the 
growth  of  tumors  in  general ;  since  the  more  destructive  forms  may  in  early  stages  con- 
form to  the  characters  of  the  other  groups,  while,  on  the  other  hand,  tumors  of  the  less 
aggressive  types  may  assume  the  autonomy  and  significance  of  the  malignant  forms. 
These  classes  of  tumors  are  not  of  coui'se  distinct,  and  many  intermediate  types  may 
occur,  but  this  grouping  seems  to  the  writer  fairly  to  indicate  a  real  difference  in  char- 
acter and  significance  in  tumors  as  a  whole  which  it  is  of  practical  advantage  to  recog- 
nize, and  which  is  often  lost  sight  of  in  the  more  technical  classifications. 
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Cysts. 

These  stmctures,  for  the  sake  of  convenience,  are  often  claeeed  among 
the  tumors,  although  in  general  characters,  structure,  and  genesis  they 
are  usually  of  entirely  different  nature. 

They  may  be  divided  into  two  classes: 

L  Cysts  which  develop  from  pre-existing  cavities. 

IL  Cysts  which  originate  independently  as  the  resolt  of  pathological 
changes. 

I.    CTST8  WSICH  DETELOF  FBOK  PBE-EXI8TIH0  CAVITIES. 

1.  Ket«iition  Cyita. — These  are  chiefly  formed  by  the  accumulation  in 
glands  or  their  excretory  ducts  of  the  more  or  less  altered  seci-etion  of 
the  gland.  They  usually  occur  as  the  result  of  a  hindrance  to  the  nor- 
mal discbarge,  as  from  inflammatory  contractions,  pressure,  etc.  The 
contents  of  such  cysts  are  usually  mucous,  sebaceous,  serous,  or  of  a 
mixed  character.  Their  walls  are  the  more  or  less  altered  walls  of  the 
original  structure.  To  this  class  belong  comedones,  milium,  atheroma, 
chalazion,  ranula,  the  ovula  Nabothi,  milk  cysts,  and  certain  serous  cysts 
of  the  ovaries.  Fallopian  tubes,  gall  ducts,  and  uriniferouB  tubules. 

i.  Tianrodation  Cysti. — These  arise  usually,  though  not  always,  as 
the  result  of  a  chronic  inflammatory  process  in  lymph  spaces  or  serous 
sacs,  and  among  them  are  to  be  classed  the  so-called  ganglia,  hydrocele, 
etc.  Certain  of  the  so-called  hiematoceles,  in  which  blood  is  extrava- 
sated  into  closed  cavities,  form  a  variety  of  the  cysts  of  this  group. 


1.  Cyita  Formed  by  the  Sofbening  and  Disintegration  of  Tissue. — Such 
cysts  may  at  first  be  small  and  have  very  meagre  contents  and  no  well- 
defined  wall.  A  wall  may  finally  be  present  either  as  an  entirely  new- 
formed  structure,  or  the  more  or  less  modified  capsule  of  the  organ  in 
which  they  occur  may  partly  or  entirely  form  the  wall.  The  contents  of 
such  cysts  are  usually  the  more  or  less  altered  detritus  of  the  tissue  by 
whose  disintegration  they  are  formed.  Such  cysts  are  very  apt  to  occur 
within  true  tumors,  particularly  those  which  are  succulent  and  of  rapid 
growth,  since  these,  as  above  stated,  are  \ery  liable  to d^eueratiou.  Old 
abscesses  may  change  into  well-defined  cysts  of  this  kind. 

2.  Cysts  Formed  around  Foreign  Bodies. — The  inflammatory  reaction  in- 
duced by  the  presence  of  foreign  bodies  of  various  kinds,  parasites, 
masses  of  extravasated  blood,  etc.,  frequently  results  in  the  formation  of 
well-defined  encapsulated  cysts. 

3.  Cysts  Formed  by  a  Hew  Qrovth  of  Tissues  in  whose  Spaces  Variou 
Kinds  of  Fluid  Accnmulate. — These  spaces  may  or  may  not  be  lined  with 
epithelium  and  have  something  of  the  glandular  character.     Such  forma 
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are  exemplified  in  some  of  the  eompouud  ovarian  cysts — the  sooalled 
ovarian  cystomata;  but  these  are  really  adenomata. 

4.  Congenital  Cjrat*. — These  are  of  various  forms,  aud  their  mode  of 
origin  is  in  most  cases  but  imperi'ectly  understood.  Some  of  them  are 
properly  grouped  among  the  teratomata.  The  so-called  dermoid  cysts  of 
the  subcutaneous  tissue  (Fig.  144)  and  ovary  are  marked  examples  of 
this  class.     Certain  congenital  cysts  of  the  kidney  and  other  internal 


no.  144.— nUMDiD  Ctbt  or  TBI  BriN. 
ThI*  matU  ejK  beneaUi  Ibe  Ma  above  i 
form  but  maeUr  nieivvd  Into  ui  ln«i!Ul>r  rt 
Onle  invQulu-  cell  decrliu*. 

organs  are  conveniently  grouped  here,  although  it  is  quite  probable  that 
some  of  them  at  least  originate  dnriug  ftetal  life  in  one  or  other  of  the 
above-described  ways,  and  hence  are  not  essentially  different  in  nature 
from  some  of  the  cysts  of  other  classes.  For  the  mode  of  formation  of 
certain  cysts  of  the  neck  see  i)age  526.' 

VuriouB  Leaiona  SometimeB  D«Bcrib«d  aa  Tumora. 

There  are  certain  eolargenieDis  of  tlie  lymph -nodes  wbicli  are  Id  reality  hyper- 
plasias, sometimeB  ioflammatory  in  charecier  and  sometimes  not,  and  which  are  often 
grouped  among  the  tumors  as  lymphomaCii.  They  aru  not  true  tumore,  and  wilt  be  con- 
sidered under  the  lesions  of  the  lymph  nodes.  In  the  same  group  are  often  classed  the 
enlargements  of  the  lymph-nodes  in  leulcKmia  and  in  other  general  diseases,  which  are 
considered  in  anolher  part  of  this  book. 

Another  group  of  tumors  sometimes  called  lymphomata  are  in  reality  sarcoinaia, 
and  those  will  be  described  under  the  latter  heading. 

There  is  alsoagroup  of  nodular  new  formations,  the  so-called  in/ectitx ffraaulomata, 
which  in  earlier  days  were  classed  antoug  the  tumors.  These  are  fonnd  in  tuberculosis, 
lupus.  leprosy,  syphilis,  glanders,  and  nclinomycoslR.  They  are,  however,  inflamma- 
tory new  formations,  and,  as  our  knowledge  regarding  them  has  increased,  many  of 
them  have  been  proven  to  l>e  Incitetl  by  plant  parasites  (Bee  section  devoted  to  Infectious 
Diseases).     In  the  case  of  syphilis  the  absolute  proof  is  still  tacking. 

'  Consult  for  consideration  of  cillaletl  and  other  c>'sts.  He**,  Ziegler's  Beitr,  znr  path, 
Anat..  Bd.  viii,,  p,  98,  1M90;  also  Zn/m.  Virdiows  Archiv,  Bd.  cxiiii.,  p.  170.  1896.  For 
later  geneml  bibliography  of  cysts  see  Ak/io^,  Lubarscli  and  Ostertag's  "  Ergebnlsse," 
Jalirg.  ii.  for  189f>,  p.  456. 
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T«clmique  of  Fixation  and  Hardoniug. 

la  general,  tumors,  like  all  tissues  foi'  microscopical  study,  should  be  cut  into  small 
pieces  before  Immersing  tticm  iu  tbe  pi'vservalive  fluids,  and  the  sooner  tliey  can  be 
placed  in  these  after  removal  tbe  belter  will  be  tbe  preservation.  In  some  cases  much 
may  be  learned  from  targe  Bections  of  lumora  together  with  their  surrounding  tissues. 
In  this  case  tbe  suitAble  portion  of  tbe  tumor  must  be  preserved  whole,  and  is  best  har- 
dened in  strong  alcohol. 

It  is  often  important  in  the  study  of  tumors  to  examine  not  only  the  fully  devel- 
oped or  mature  tumor  structures,  but  also  those  )>ortioDS  in  which  the  new  growth  is 
forming  and  in  which  it  is  encroaching  on  adjacent  parts. 

So  that  in  selecting  portions  of  tumoi-s  for  preservation  and  study.  It  Is  not  wise  to 
snip  off  a  small  piece  at  random,  but  a  careful  selection  should  be  made,  liberal  por- 
tions being  saved,  from  the  centre,  from  tlie  periphery,  and  from  such  surrounding 
tissues  as  are  available.  For  the  ordinary  routine  liardeuing  of  tumors,  Ortb's  fluid 
followed  by  alcohol  may  be  recommended. 


Special  FormB  of  Tumors. 

FIBBOKA. 

The  fibromata  are  composed  of  fibrillar  connective  tissue,  which,  as 
in  the  physiological  type,  is  sometimes  deuse  and  firm,  Fibroma  dunini, 
aud  sometimes  loose  in  texture  and  soft>  FibroiiM  molle.     They  are  usu- 
ally sharply  circumscribed  and  are  frequently  encapsulated,  but  they 
may  be  diffuse  and  mei^e  imperceptibly  into  the  surrounding  tissue. 
They  are  frequently  small  aud  insignificant,  but  occasionally  grow  to  an 
enoriiious  size.     Some  fibromata  consist  almost  entirely  of  intercellular 
substance,  coutainiug  but  few  flattened  or  spindle-shaped  cells  (Fig.  145) ; 
others  contaiu  very  many  variously  shaped  ceils  (Fig.  146).     The  ceils 
are  often  more  abundant  in  one  part  of  the  tumor  than  iu  another.     The 
denser  varieties  usually  contain  but  few  blood- 
vessels, although  they  are  occasionally  quite 
vascular.     Many  of  the  softer  varieties  are 
very  vascular.     Nerves  are  occasionally  pres- 
ent. '    The   course  and   arrangement  of   the  | 
fibres  in  these  tumors  are  usually  irregular,  [ 
often  crossing  aud  interlacing  in  a  most  com-  ' 
plex  manner.     The  fibromata  are  usually  of  ' 
slow  growth,    but    exceptionally   they   grow            ^^. 
rapully.     They  a.-e  benigi,   tumors,    but   by        ^   ^^_^^^  ^,^,  „ 
pressure  on  important  organs,  by  ulceration, 
or  by  changing  into  other  varieties  of  tissue, 
they  may  become  of  serious  import.      Pure 
fibromata  do  not  form   metastases,  but  they     are  cm  lenRiiiwise. 
are   often  mnltiple,    and   when    so   ate  fre- 
quently congenital.     They  may  recur  when  not  fully  removed. 

It  seems  probable  that  in  the  multiple  fibromata  of  the  skin  (Fibroma 

■  For  a  study  of  elasilc  and  reticular  tissue  in  tumors  see  BaJrffi'n,  "Vaughan  Anni- 
versary Contributions,"  190S,  p.  493. 


..g\c 


moHmcum)  the  new  growths  occur  iu  some  special  form  of  counective 
tissue,  as  that  of  the  nerves,  blood-vessels,  or  glands.  Some  of  them  are 
congenital.  There  is  often  a  growth  of  very  cellular  tissue  Just  beneath 
the  epithelium.     Such  tumors  resemble  sarcoma.' 

While  the  fibromata  are  commonly  nodular  in  form,  when  they  de- 
velop ou  the  skin  or  mucous  membranes  they  frequently  form  papillary 
outgrowths  covered  more  or  less  thickly  with  epithelium,  and  are  then 
called  j«ij>iWonj«te  (Pig-  147).  Common  warts  of  the  Bkin  are  papitlomata 
with  excessive  production  of  sni-face  epithelium.  To  the  papillomata 
also  belong  some  of  the  so-called  coudylomata. 

The  so-call«l  Cheloid,  composed  of  very  dense  fibrous  tissue  with  few 
cells,  often  develops  rapidly  in  old  cicatrices,  or  elsewhere,  in  the  skin, 

^^--^    ■*!  ^V  -^^  '/'f/ 


forming  flat  or  slightly  lobulated  tumors.  It  is  not  in  all  cases  clear 
whether  cheloids  should  be  regarded  as  tumors  or  as  infiammatory  new 
formations. 

Fibromata  are  frequently  combined  with  other  kinds  of  tissue  to  form 
complex  tumors.  The  looser,  softer  varieties  not  infreqnentlj  become 
(edematous,  when  they  may  closely  resemble  niyxomata  (Fig.  146). 
Fibromata  are  liable  to  calcificatiou  and  to  fatty  and  mucous  degenera- 
tion. By  metaplasia  they  may  partially  change  to  form  fibro-cbondroma, 
fibro-lipoma,  fibre -sarcoma,  or  fibro-asteoma.  The  latter  transformation 
frequently  occurs  when  they  form  in  the  periosteum. 

Developing,  as  they  do,  in  the  connective  tissue,  fibremata  occur  in 
the  various  parts  of  the  body:  in  the  skin  and  subcutaneous  tissue;  iu 
intermuscular  tissue  and  fasciie ;  in  periosteum;  in  the  nerve  sheaths  and 
intrafascicular  connective  tissue ;  in  the  dura  mater,  the  interstitial  tissue 
of  organs,  and  in  the  mucous  membranes.     9ome  of  the  so-called  polypi 


'See  GikJirint,  Johna  Hopkins  Hospital  Reports,  vol.  1.,  p.  349,  1806. 
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of  the  mucous  membraDes  (see  Fig.  H8)  and  some  pBammomata  a 
of  fibroma,  the  former  are  often  soft  and  (edematous. 


FtO.    IC— eUALL  PAPILLOm    O 


Occasionally,  in  tlie  duets  of  glands,  fibrous  polypi  grow  to  an  enor- 
Oious  extent,  their  epitheliiil  eo\eriug  keepiug  pace  in  growth  with  their 
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development,  until  they  form  very  large,  irregnlar,  loose-textnred  tumors, 
which  often  finally  alcerate.  Such  forms  are  seeu  in  the  mammary 
gland,  where  they  are  sometimes  mistaken  for  carciuomata.  They  are 
called  Intracamilicalar  Fibromata  (see  Fig.  463,  page  7fl7). 

It  is  often  difficult  to  distiugnish  between  genuine  fibromata  and  in- 
flammatory or  other  coouective-tissne  hyperplasias,  such  as  elephantiasis; 
and  perhaps  the  fuller  knowledge  of  the  future  will  show  that  the  dis- 
tiuctioiis  are  not  as  definite  as  our  classifications  indicate. 


Mucous  tissue  is  essentially  an  embryonic  tissue,  for  in  the  normal 
adult  it  is  present  only  in  a  very  imperfect  and  atypical  form  in  the 


ria.  IM.— Htiou*  or  THt  Larvnx. 
*  Sbowlng  (be  diDuse  Mining  of  Ibe  mudn-conlalDlUK  stroma  wllb  tatemaloif  Un. 

vitreous  of  the  eye,  and  perhaps  exceptionally  in  small  amount  about 
the  heart.,  kidneys,  and  medulla  of  bone. 

The  myxomata  are  thus  essentially  embryonic-tiasae  tumors.  These 
tumors  consist,  in  their  most  typical  forms,  of  a  homogeneous  or  finely 
fibrillated,  soft,  gelatinous  t>asement  snbstauce,  in  which  are  embedded  a 
vanable  numt>er  of  spheroidal,  fusiform,  branching,  and  often  anas- 
tomosing cells  (Fig.  IIH).  They  may  contain  few  or  many  blood-vessels 
and  sometimes  nerves.  By  the  addition  of  acetic  acid,  mucin  may  be 
precipitated  from  the  basement  substance.  In  sections  it  is  usually 
stained  with  hsematoxylin.  The  very  soft  forms  which  contain  compara- 
tively few  cells  and  much  translucent  basement  sultstance  are  called 
Myxoma  gefati]umi.m  or  M.  mofle.  The  presence  of  many  cells  renders 
them  more  consistent  and  gives  them  a  whiter  and  more  opaque  appear- 
ance ;  such  forms  are  called  M,  meduUare. 

Pure  myxomata  are  not  common.  The  myxomata  are  very  apt  to  be 
combined  with  fibrillar  connective  tissue  as  Jibro-myxoma ;   or  with  fat 
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tissue,  lipo-myxoma;  and  they  very  freqnently  become  sarcomatous,  or 
take  part  in  the  fonnatioii  of  verj'  complex  tamors.  They  may  be  dif- 
fuse or  eucapsulated  with  fibrillar  connective  tissue ;  they  are  frequently 
very  lat^,  and  may  be  multiple.  Owiug  to  the  character  of  the  base- 
ment substance,  the  blood-vessels  not  iufrequeutly  rupture,  giving  rise 
to  lai^er  or  smaller  bfemorrhages  within  the  tumor,  or  to  the  formation 
of  cysts.     The  cells  are  liable  to  undergo  fatty  degeneration. 

In  (he  fibrous  tissue  of  many  tumors,  in  chroDic  innammation  of  the  mucous  mem- 
branes.  variously  sl:a|>ed  small  Cflls  occur  wliosc  bodies  contain  few  or  many  well- 
defined  basophilc  granules  whicti  are  not  infrequently  mistAken  for  cocci.  Sucli  cells, 
called  "mast  cells,"  occur  in  various  parlB  of  the  normal  body.  Tlie  nature  of  the 
granules  lias  not  been  definitely  determined. 

Composed,  as  they  are,  of  a  typo  of  tissue  from  which  fat  tissue  is 
developed  in  the  embryo,  the  relations  of  myxomata  to  fat  tissue  are 
very  intimate.  They  are  most  frequently  developed  in,  and  probably 
directly  from,  fat  tissue.  They  are  also  found  in  the  subcutaneous,  sub- 
mucous, and  subserous  tissue,  in  the  marrow  and  periosteum;  in  the 
brain  and  cord;  in  the  sheaths  and  intrafascicular  tissue  of  peripheral 
nerves;  iu  iutermuscular  septa;  and  in  the  interstitial  tissue  of  glands, 
such  iis  the  mamma  and  parotid. 

The  myxomata  are  iu  general  benign ;  yet  they  are  very  prone,  espe- 
cially the  lipomatous  fonus,  to  local  recurrence.  They  sometimes  grow 
very  rapidly,  and  sometimes,  though  very  rarely,  form  metastases.  Iu 
the  not  infrequent  combination  with  sarcoma  they  may  exhibit  the  most 
marked  malignancy.  Some  of  the  polypi  of  mucous  membranes  are 
apparently  myxomata  or  fibro-myxomata.  .  On  the  other  hand,  mauy  of 
the  so-called  mucous  polyps,  those  of  the  uose  for  example,  are  simply 
oedematous  hyperplasife  of  the  mucosa. ' 

CEdematous,  loose,  and  cellular  forms  of  fibrillar  couuective  tissue 
so  closely  resemble  some  of  the  forms  of  mucous  tissue  that  certain 
observers  consider  them  identical.  So  proue  are  many  timiors  to  uu- 
dei^o  mucous  degeneration,  aud  so  frequent  are  the  combinatious  of  the 
myxomata  with  other  forms  of  tumors,  that  it  is  often  difficult,  some- 
tiuies  impossible,  to  say  whether  the  mucous  tissue  iu  a  given  composite 
tumor  is  primary  or  secondary. 


SASOOHA. 

These  tumors  are  formed  on  the  type  of  connective  tissue,  but  they 
are,  as  a  rule,  largely _com posed  of  cells;  the  basement  substance,  though 
a  constaut  aud  important  factor,  being  much  less  conspicuous  than  in 
adult  connective  tissue.  They  more  closely  resemble,  in  general,  the 
developing  connective  tissue  of  the  embryo  or  the  granulation  tissue  of 
infiammatiou. 

The  cells  of  the  sarcomata  are  most  varied  in  size  and  shape.  They 
'  See  reference  lo  Wright,  p.  467. 
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may  be  flat,  fusifonn,  spheroidal,  or  branched,  and  eveo  cuboidal  or 
cylindrical ;  they  may  be  multinuclear  aud  very  targe,  or  they  may  be 
very  tunall  and  spheroidal,  resembling  leucocytes.  The  fibrillar  base- 
ment substance  may  be  present  in  such  small  quantity  as  entirely  to  es- 
cape a  superficial  observation,  covered  as  it  may  be  by  the  abundant 
cells;  or  it  may  be  so  abundant  as  to  give  the  tumor  the  general  appear- 
ance of  a  fibroma.  It  may  be  intimately  intermingled  irith  the  cells  in 
fascicles,  or  it  may  be  iu  large  open-meshed  networks,  giving  to  the 
tumor  an  alveolar  appearance.  The  cells,  however,  always  stand  iu  au 
intimate  relationship  to  the  basement  substance,  which  they  sometimes 
reveal  by  fibrillar  processes  continuous  with  it.  Blood-vessels  also  form 
a  constant  and  important  structural  element  iu  these  tumors,  being  in 
some  of  them  so  predominating  a  factor  that  they  give  structural  outline 
and  general  character  to  the  growth.  They,  too,  as  iu  the  normal  cou- 
necti^e  tissue,  are  intimately  associated  with  the  basement  substance  and 
with  the  tumor  cells. 

Sarcomata  are  most  frequently  found  iu  the  skin,  subcutaneous  tis- 
sue, fasciae,  subserous  connective  tissue,  the  marrow  or  periosteum,  and 
in  the  choroid.  They  may  also  occur,  though  more  rarely,  in  the  dura 
mater;  brain  and  cord ;  lymph-nodes;  iu  the  adventitia  of  blood-vessels, 
aud  in  nerve  sheaths;  in  submucous  tissue;  iu  the  utems  aud  ovary, 
and  in  the  kidney.     In  the  liver  and  lungs  aud  heart  they  may  occur  by 


They  are  most  common  early  iu  life.  The  cellular  character,  the 
rapid  growth,  the  vascularity  and  succulence  of  mauy  forms,  the  marked 
tendency  to  local  recurrence,  and  the  formation  of  metastases,  stamp  the 
sarcomata  as  malignant  tumors.  But  in  this  they  vary  greatly ;  while 
some  of  the  forms  belong  in  every  sense  to  the  most  malignant  of  tumors, 
others  grow  slowly,  are  very  dense,  and  may  remain  localized  and  harm- 
less for  years.  Their  tendencies  in  this  respect  will  be  mentioned  uuder 
the  special  forms. 

Intimately  related  as  they  are  to  the  blood-vessels,  metastasis  is  more 
apt  to  occur  through  the  blood  than  through  the  lymph  channels,  and 
consequently  adjacent  lymph-nodes  are  much  less  apt  to  be  involved  than 
In  some  other  forms  of  tumor,  notably  the  carcinomata.  The  richly  cel- 
lular and  vascular  forms  of  sarcoma  are  especially  prone  to  htemorrhages, 
degeneration,  and  ulceration. 

A  single  form  of  cells  is  often  so  predominant  as  to  furnish  a  suitable 
qualifyiug  name  for  the  tumor,  but  in  many  cases  the  cell  form  varies 
greatly  in  the  same  growth.  It  may  be  said,  in  general,  that  there  is  a 
tendency  to  reproduce  in  these  tumors  some  of  the  special  characteristics 
of  the  tissues  in  which  they  originate.  Thus,  sarcomata  of  the  twoes  are 
apt  to  be  osteo-sarcomata ;  those  of  pigmented  tissue,  like  the  choroid, 
are  apt  to  be  pigmented  sarcomata.  It  will  be  more  convenient  for  our 
present  purpose  to  describe  briefly  the  more  common  forms  one  after 
another  than  to  attempt  any  systematic  classification  of  them.  It  should 
be  remembered,  however,  that  the  various  forms  are  not  sharply  defined. 
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bnt  are  apt  to  mei^  into  one  another  and  to  intermingle  in  various 
ways. 

Spindle-celled  Baiooma. — The  cells  in  these  tnmora  may  be  large — large 
^ndle-ceUed  S.  (Fig.  150) ;  or  they  may  be  small — «maU  spindlecdled  S. 


FlO.  ISO.— LABOI  8P[NDLE-CELLID  Sabcoha. 

(Fig.  151).     They  may  consist  lai^ly  of  cells,  or  may  contain  so  much 
intercellular  fibrous  tissue  as  to  be  appropriately  called  JUtro-sarcoma. 
The  cells  are  frequently  arranged  in  fascicles,  which  surround  the  blood- 
vessels, and  these  fascicles  may  cross  and  interlace.     These  tumors,  espe- 
cially the  small-celled  forms,  are,  as  a  rule,  denser  and  firmer  and  less 
malignant  than  other  forms  of  sarcoma,  but  to  this  there  are  many  ex- 
ceptions.    They  may  be  encapsulated  or  infiltrating.     To  this  class  be- 
long the  growths  formerly  described  as  fibro- plastic  tumors  and  recurrent 
fibroids.     They  frequently  occur 
in  the  periosteum,  subcutaneous 
tissue,  and  muscle ;  in  the  uterus, 
and  in  various  glands,  notably  in 
the  mamma,  testicle,  thyroid,  etc. 
These  forms  are  among  the  most 
frequent  of  the  sarcomata. 

Eonnd-oelled  Sarcoma. — Of 
these  there  are  two  classes — 1, 
»maU  round-celled  sarcomaUi  and, 
2,  large  round-celled  sarcomata.  ^„,   isi.-smill  sriNnLE-CELLsn  s*k™«*  or 

1.  The  small  round-celled  sar-  FOBE*aii. 

comata  consist  of  cells  of  about 

the  size  and  appearance  of  mononuclear  leucocytes  (Fig.  152),  and  may 
have  much  or  little  intercellular  substance,  which  may  be  irregularly  di»- 
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poeed  or  arranged  in  large  meshes  resembling  alveoli.  In  many  cases,  so 
small  is  the  quantity  of  intercellular  subBtances  that  it  is  difficult  of  detec- 
tiou  without  special  modes  of  preparation.     These  tumors  often  contain 


many  blood-vessels,  and  may  be  very  soft  and  succulent.  Their  growth 
is  sometimes  rapid  and  they  are  often  very  malignant. 

They  most  frequently  occur  in  the  connective  tissue  of  the  musclea 
and  fasciEc,  in  bone,  and  in  lymph-nodes  (lympko-sarcoma).  Tbey  also 
occur  in  the  internal  organs,  not  infrequently  in  the  brain,  associated 
with  glioma  as  gliomrc<yma. 

2.  In  the  lai^e  round-celled  sarcomata  (Fig.  154)  the  cells  vary  in 
size,  but  are  usually  very  much  larger  than  In  the  last  variety.  Their 
uQclei  are  usually  lai^e  and  contain  promineut  nucleoli.  They,  too,  are 
often  very  vascular,  and  contain  a  variable  quantity  of  basement  Bub- 


t  8k:n,  fomoow  o 


stauce.     They  are  occasionally  alveolar  in  character.     They  are,  as  a 
rule,  less  soft  and  malignant  than  the  small-celled  varieties. 

■elano^arcoma.— These  tumors  consist  most  frequently  of  polyhedral 
cells  of  various  sizes.  They  are  characterized  by  the  presence  in  the 
cells,  and  less  frequently  in  the  intercellular  substance,  of  larger  and 
smaller  particles  of  brown  or  bla«ik  pigment  (Fig.  155).  The  pigment 
is  usually  quite  irregularly  distributed  in  patches  or  streaks.  Tbey  arise 
most  frequently  iu  the  skin  (Fig.  153)  and  in  the  choroid.    Pigmeuted 
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moles  of  the  skin  of teu  form  their  starting-pointfi. '     They  belong  to  the 

most  malignant  of  tumors.     Tbey  very  readilyform  metastatic  tumors  in 

various  parts  of  tbe  body,  which  are,  like  the  parent  tumor,  pigmented. 

Various  forms  of  tumors  may  contain  brownish  pigment  deposited  in 


them  by  the  degeneration  of  tbe  hiemoglobin  from  extravasated  blood; 
these  should  not  be  mistaken  for  melanotic  sarcomata.* 

Hyeloid  or  Giaatmelled  Sarooma.— Tumors  of  this  class  are  usually 
formed  chiefly  of  spheroidal  or  fusiform  cells  of  variable  size,  but  their 
characteristic  feature  is  the  pretieuce  of  latter  and  smaller  multinuclear 
cells,  called  giant  ceUs.     These  are  closely  iutermingled  with  the  other 


Fio.  IK.— HilAno-Bihcohi. 


cells,  and  may  be  very  abandaut  or  very  few  in  number  (Fig,  15C). 
Giaut  cells  may  occasionally  occur  in  other  tumors,  but  are.most  abun- 
dant and  characteristic  in  these.  These  tumors  are  chiefly  formed  in 
connection  with  bone,  and  may  originate  iu  the  marrow  or  in  the  peri- 
osteum.    They  are  sometimes  very  soft  and  vascular,  and  subject  to 

I  For  bibl.  of  multiple  melano-aarcomata  of  the  skin.  Bee  Wilson  and  Kaltq/er,  Am. 
Jour.  Med.  Sci.,  vol.  cxxvi.,  1903,  p.  751. 

'  On  tlic  occurreoce  of  inelaniirin  in  cases  of  melaDO-sarcoma  consult  Thneher. 
TraDsactions  New  York  PathologituI  Society.  1H93,  p.  105, 
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JDterstitia)  haemorrhages.  Some  of  these  vascular  sarcomata  were  for- 
merly classed  together  with  other  kinds  of  vascular  tumors  as  fuDgus 
hfematodes.     Some  of  the  forms  of  epuJu  are  giaut-celled  sarcomata. 


Fia.    156.— GlANT-OlLLID  SlACOHA  Or  BONI. 


W'heu  these  tumors  originate  iu  the  marrow  of  the  long  bones,  which 
is  a  favorite  place  for  them,  they  are  apt  to  cause  resorption  of  the  bone ; 
aud  although  the  tumor  may  be  for  a  loug  time  enclosed  by  a  shell  of 


new-formed  bone,  which  enlarges  with  the  eulargiog  tumor,  It  usually, 
sooner  or  later,  breaks  through  this  and  iufiltrates  adjacent  tissues. 
They  are  liable  to  form  metastases  and  frequently  grow  to  a  very  great 
size.     The  periosteal  forms  are  apt  to  be  firmer  iu  texture,  and  are  proue 
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to  tlie  derelopmeiit  of  irregular  masses  of  new  bone  withiu  them,  thus 
formtDg  one  of  the  varieties  of  osteo-sarcoma. 

Osteo-Sarooma. — These  are   Kpiudle  or  rouud-celled  tumors,   usually, 
but  not  always,  coiiuected  with  boue,  iu  which  irr^ular  masses  of  boue 


tissue  are  present.  The  bone  is  usually  of  irregular  atypical  structure, 
the  regular  laiuellatioii  atxl  typical  Haversiau  canals  being  usually  ab- 
sent (Fig.  157),  They  may  form  metastases  which  present  similar  char- 
acters. 

Angio-Saicoma. — In  many  of  the  sarcomata  in  various  parts  of  the 
body  the  blood-vessels  form  so  prominent  and  important  a  feature  as  to 
give  special  character  to  the  growth,  not  alone  by  their  size  and  general 


Fie.  158.— anoid-Sarcxxia. 
One  at  (lie  bluod-vcnels  wlUi  lu  cellular  abesUi  trom  Uie  lumor  ibovD  In  FiE-  1S8. 

prominence  (Pig.  158),  but  sometimes  by  the  peculiar  arrangement  which 
their  presence  gives  to  the  cells.  While  in  most  of  the  sarcomata  the 
blood-vessels  have  a  ^ery  important  influence  iu  determining  the  topog- 
raphy of  the  tumor,  in  most  of  the  denser  and  iu  many  of  the  softer 
varieties  this  iuflnence  is  not  easily  traced.  In  many  forms,  however, 
particularly  those  which  are  soft  and  I'ery  cellular,  the  cells  are  closely 
grouped  around  the  vessels,  developing  iu  their  adventitifc  and  forming 
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sheaths  around  theui  (Fig.  158  and  Fig.  159).  The  masses  of  cells  thus 
formed,  with  a  blood  vessel  for  a  centre,  may  be  cloaelj'  packed  together 
in  long  strings  with  more  or  less  frequent  anastomoses  or  they  may  be 
arrang^  in  ronnded  groups,  giving  to  the  tnmor  an  alveolar  appearance 
(Fig.  160).     8uch  tumors  are  called  angio-sarcomata.     Simple  vasculM*- 


ity,  although  this  he  extreme,  does  not  make  of  a  tumor  an  angio- 
sarcoma. 

Alveolar  Sarcoma. — Sometimes,  as  above  stated,  the  basement  snb- 
Htance  of  the  sarcomata,  particularly  in  some  of  the  round-celled  varie- 
ties, is  quite  abundant  and  arranged  in  a  wide-meshed  net,  in  the  meshes 
of  which  the  cells  He.  These  spaces  are  called  alveoli,  and  this  variety 
of  structure  has  acquired  importance  from  the  general  resemblance  which 
these  tiunors  have  to  the  well-defined  and  characteristic  alveolar  structure 
which  many  of  the  cannnomata  exhibit.  It  is  tnie  that  occasionally  the 
resemblance  is  ^ery  close  indeed,  but  usually  the  sarcomata  pi-esent  a 
more  or  less  intimate  relation  between  the  cells  and  basement  substance. 
The  cells  iisually  do  not  simply  lie  in  the  cavities,  but  are  often  atiacbed 
to  the  intercellular  substance,  whi<;li  not  seldom  sends  finer  trabeculte 
into  the  alveoli  between  the  cells.  Sometimes  a  careful  shaking  of  sec- 
tions in  water  is  necessary  to  reveal  the  characters  of  the  reticulum. 
The  cells,  moreover,  are  usually,  though  not  always,  distinctive  iii  char- 
acter. This  form  of  tumor  is,  in  some  cases  at  least,  determined,  aA 
above  stated,  by  the  new  formation  and  peculiar  arrangement  of  the 
blood-vessels.  Tumors  of  this  kind  are  not  common,  but  may  occur  in 
the  skin,  lymph-nodes,  bones,  and  pia  mater.  They  are  usually  very 
malignant.  Many  of  these  tumors  are  doubtless  more  properly  classed 
among  the  endotheliomata. 

Mixed  Formi  of  Sarcoma. — In  addition  to  the  above  more  or  less  well- 
defined  forms  of  sarcoma,  there  exist  various  modifications  which  have 
received  special  names.  The  sarcomata  in  which  cysts  form,  either  by 
the  softening  of  tissue  by  degeneration,  or  by  the  dilatation  of  gland 
ducts  by  pressure,  or  by  the  new  formation  of  tissue  in  gland  ducts  or 
alveoli  which  dilate  with  the  growth  of  the  tumor,  have  received  the 
name  of  cyato-mreomata. 
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Macous  degeDeration  is  fr«qaeut  in  tbe  Tarlous  forms  of  sarcoma.  A 
combination  of  myxoma  and  sarcoJD&—myxo-iara>nui — is  common  (see 
Fig.  161). 

Gombin^ions  of  sarcoma  with  fat  tissue,  Hpo-sarcoma ;  with  glanda- 


Fid.  IBL— HTZi^SiscoHA  or  the  Puidtiii. 

lar  Btmctnre,  adeno-sarconut  (Fig.  162) ;  with  cartilage,  choridro-»arcoma ; 
with  muscle  tissue,  myo-aarcmna ;  and  with  various  other  tissues,  are  of 
frequent  occurrence.  Some  forms  of  psammoma,  or  "  brain  sand, "  found 
chiefly  in  the  dura  mater,  bx%  fibro-garcomata  which  have  nndei^ne  cal- 
cification, the  lime  being  deposited  in  lamellat«d  masses  of  \'arious  shapes 
within  them. 

Some  of  the  soft  papillomata  and  warts,  and  occasionally  the  polypi 


Fin.  162.— ADKM^-SlRVOMA  OV  PlRcmD. 

of  the  mucous  membranes,   belong  to  the  type  of  sarcoma  or  myxo- 


The  so-called  chloromata,  which  have  been  found  in  a  variety  of  places 
in  the  body,   but  are  rare,  are  apparently  forms  of  sarcoma,     Chlor- 


CT,  Google 


TUMORS.  321 

oHia  is  characterized  by  a  greeuiah  color,   the  nature  of  which  is  not 
knowu. ' 

EKDOTHELIOatA.    (Eudotheliia  Sarcoma.) 
Under  the  uauie  endothelial  garconutta  or  endotheliomata  are  grouped  a 
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wevD  tbe  rettcular  emJoUiellal  t'pll 

number  of  tumors  which  on  the  one  hiuid  are  closely  related  to  the  siir- 
comata  ii]  genesis,  and  in  some  oases  iu  appearance,  wliile  on  the  other 

'  For  tlip  relatiaiisliip  of  cliloroma  to  leukiemia  see  Dock,  Amcricao  Journal  of  tbc 
Medical  Sciences,  August.  1893,  bibliography. 
21 
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32-2  TUMORS. 

hand  some  of  them  so  closely  resemble  some  forma  of  carcinoma  as  to  be 
with  diiHcHlty  distinguished  from  them.  The  endotheliomata  originate 
iu  that  form  of  connective -tissue  cells  called  endothelium,  lining  blood 
and  lymph  vessels  or  lymph  spaces,  and  develop  by  a  proliferation  of 


This  oimplex  lona  at  endoUiel Ionia,  reeembllng  typen  ol  adeDoma,  not  Inlrequenlly  occura  In  Ibe  ovirj. 

these  cells  (FMgs.  163  and  164).     Sometimes  the  cells  of  the  endotheliomata 
resemble  closely  the  normal  eudotheliam ;  sometimes,  however,  they  differ 
oonsiderahly  from  them,  being  occasionally  veiy  lai^,  often  thick  and 
Irregular  iu  shape,  and  even  nearly  cylindrical  or  cuboidal  like  certain 
forms  of  epithelium  (Fig.  165).     They  are  associated  with  a  more  or  less 
abundant    vascular    stroma, 
which    may  be    alveolar    iu 
formation.     In  this  ease,  as 
iu  alveolar  sarcoma,   it  may 
often   t>e  seen   that  the  cells 
have  an  intimate  relationship 
to  the  trabecule  of  the  stroma. 
Developing   from  the  en- 
dothelium of  the   vessels  or 
lymph   spaces,  these   tumors 
sometimes  exhibit  a  structure 
closely    simulating    that     of 
Fio.  iGO.-ENtinTHELiaHA  or  McHERus.  tubular    glands    lined    with 

TnionwmbiipgsDEJi>«nx>mii.  uiore  Of  less  cuboidal  epithe- 

lium or  papillary  angio-sar- 
comata  (Fig.  166).  It  is  in  many  cases  difficult  to  decide  from  the 
Btructui'e  in  the  fully  de\eloped  parts  of  a  tumor  whether  it  is  an  en- 
dothelioma, au  adenoma,  or  a  carcinoma.    In  such  cases  a  careful  study  of 
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the  peripheral  portions  of  the  tumor  and  parts  into  which  it  is  extendiog 
may  reveal  early  phases  of  proliferation  in  the  endothelium  of  lymph 
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vessels  or  spaws.  In  this  case  its  genetic  relationship  may  throw  light 
ou  the  nature  of  the  tumor,  however  similar  it  may  be  in  morphology  to 
carcinomii. 

Sometimes  the  cells  of  the  endotheliomata  are  packed  together  in 
dense  concentric  masses  (Fig.  167),  which  may  have  a  glistening  apiH-ar- 
ance,  and  sneh  tumors  are  sometimes  called  cholfsteaimuata.  Although, 
for  the  most  part,  the  peculiar  glistening  appearance  of  these  tumors  is 
due  to  the  closely  packed  thin  cells  which  compose  them,  they  not  infre- 
quently contain  crystals  of  cholesterin,  which  may  share  in  producing 


Fia.  luit.— Endotuelioma 
Bhpwlng  fonn&tlan  ot  mucin  Id  Ibe  glwiil-llke  endntbellHl  b 


(his  characteristic  appearance.  But  the  cholesterin  may  be  absent,  or 
piviseiit  in  small  amount. 

The  stroma  of  the  endotheliomata  may  undergo  various  forms  of 
alteration,  developing  hyalin,  myxomatous,  or  cartilaginous  or  very 
dense  fibrous  characters  (Fig.  164) ;  or  it  may  atrophy,  leaving  the  pro- 
liferated endothelium  and  the  blood-vcisels  as  the  chief  structural  ele- 
ments. On  the  other  hand,  hyaliu  and  mucous dcgcnemtion  of  the  endo- 
thelial cells  may  occur  (Fig.  168),  and  considerable  collections  of  these 
materials,  free  from  (he  cells  but  surrounded  by  the  cell  mjisses,  may 
give  a  cystic  character  or  lend  a  glandular  appeai'ance  to  the  growth. 

Such  tumors— in  which  homogeneous  or  striated  cylinders  of  hyalin 
or  mucoid  material  (Fig.  16!)),  often  closely  surrounded  by  layers  of 
cnboidal  or  flattened  cells  (Fig.  165).  form  a  striking  feature — have 
sometimes  been  called  cyUndroviata.     The  stroma  of  the  endothelioma 
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may  become  sarcomatous  aud  tbus  a  mixed  tumor — a  sarcomatous  eudo- 
tbelioma — may  be  formed. 

The  eudotheliomata  may  be  single,  nodnlar,  aud  of  cousiderable  size ; 
or  tbey  may  be  multiple,  numerous  small  tumors  being  scattered  over 
tbe  surface  of  the  part  iu  whicb  tbey  grow.  They  may  e^'en  forji  a 
thick  or  thin  pellicle  over  surfaces,  or  cause  adhesions  between  adjacent 
organs.  They  may  form  metastases.  Tbey  occur  in  the  dura  mater  and 
pia  mater,  in  the  pleura  aud  peritoneum,  aud  have  been  described  in  the 
skin,  bone,  gums,  lympb-uodes,  ovary,  liver,  brain,  testicle,  glaudula 
carotica,  aud  salivary  glands.' 

It  is  possible  that  as  our  knowledge  of  these  tumors  widens  we  may 
be  able  to  differentiate  a  group  fonued  from  the  cells  lining  the  great 
body  cavities — peritoneum,  pleura,  aud  pericardium — which  are  usually 
culled  endothelium,  but  might,  as  is  ui^iedjiy  Minot,  on  account  of  tjieir 
origin  aud  in  distinction  from  the  eudothelium  of  the  blood  and  lymph 
vessels,  etc.,  be  more  appropriately  designated  mesotbelium.' 


Lipomata  are  tumors  formed  of  fat  tissue.  The  fat  tissue  occurs  in 
lobules  and  is  similar  to  normal  fat,  except  that  the  cells  and  lobules  are 
usually  larger  aud  less  r^ularly  arranged.  There  may  be  little  connec- 
tive tissue  iu  the  tumors,  when  they  are  very  soft,  almost  fluctuating — 
lipoma  moRe— or  there  may  be  so  much  as  to  give  the  tumor  cousiderable 
&rmaes»—Jibro-Upoma.  They  may  be  iu  part  transformed  into  mucous 
tissue — myxo-lipoma.  Cartilage  not  infrequently  develops  in  them,  or 
they  may  undergo  partial  calcification. 

Occasionally  the  blood-vessels  are  very  abundant  and  dilated — angio- 
Upmna.  They  are  usually  sharply  circumscribed,  but  may  infiltrate  sur- 
rounding tissues.  They  are  not  infrequently  pediculated.  They  some- 
times grow  to  enormous  size  and  may  ulcerate. 

They  are  usually  isolated,  but  may  be  multiple.  They  are  common 
tumors,  occurring  usually  in  the  subcutaneous  or  other  fat  tissue.  Tbey 
may  occur  in  the  mucous  membrane  of  the  gastrointestinal  canal,  in  the 
peritoneum,  more  rarely  iu  the  dura  mater,  kidney,  liver,  and  lungs. 
They  are  l>enign  tumors,  not  forming  metastases ;  but  they  may  be  dele- 
terious by  ulceration  or  gangrene,  and  when  not  fully  removed  may  ex- 
hibit local  recurrence.     They  may  become  sarcomatous. 

'  For  a  discussion  of  the  cnilotheliomata  consult : 

B.  VoUcmaan,  -  Ueber  trulothcMale  GeschwOlati;,''  Deutsch.  Zeita.  f.  Cliirurgit;.  Bd. 
xli-.  p.  1. 

Liibarge/i,  "Ergebnisae  <1.  allg.  Path.,"  Jahrg.  i.,  Abtli,  3,  p.  368;  also  "Endothe- 
Horn.."  ibid..  Jahrg.  li.,  p.  593. 

For  embiyological  considoratioD!!  bearing  on  the  subject  see: 

Gloekner,  Zeits.  f.  Heilkunde,  Bd,  xviii,.  p.  209.  1897. 

Marchand.  Verb,  der  deutsclieu  path.  Geseilscliaft.  Bd.  ii.,  p.  38,  1900. 

On  the  occurrence  of  giant  cells  and  rcils  with  very  large  nuclei  in  eudothetioma,  see 
Olockner.  Ziegler'a  Beitr.,  Bd,  ixvi.,  p.  73.  1800. 

'  For  a  consideration  of  the  rclationsliip  between  endothelium  and  mesothelium  see 
Mirwt.  Science,  March  39tii,  1901,  p.  4»9. 
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CHONDROMA. 

These  tumors,  composed  of  either  of  the  fom^  of  cartilage,  are  osnall; 
hard,  but  sometimes  quite  soft.  The  cells  do  not  preseut  the  same  uni- 
formity in  size,  shape,  uumber,  and  relative  position  that  they  do  in  nor- 
mal cartilage  (Fig.  170).  Sometimes  tliey  are  very  large,  spheroidal,  and 
grouped  iu  masses,  and  again  small  and  far  apart.  They  are  frequently 
fusiform  or  branching.     Fibrillar  connective  tissue  in  varying  qaantity 


Fig.  170.— Chokhhoha  or  Fihdb. 

is  usually  present  in  the  chondromata,  either  as  a  capsule  or  running  iu 
bands  between  the  nodules  of  cartilage,  or  passing  in  fascicles  into  them. 
The  cartilage  may  change  to  mucous  tissue,  forming  myxochondroma, 
the  cells  may  undergo  fatty  degeneration  or  they  may  calcify  or  ossify. 
Choudi-omata  frequently  form  a  part  of  mixed  and  complex  tumors. 
Metaplasia  plays  an  important  part  in  the  development  of  cartilage 
tumors  of  mixed  type. 

They  may  form  in  connection  with  bone  or  cartilage,  and  are  often 
traceable  to  irregularities  in  foetal  development.  Or  they  may  occur  in 
soft  parts  where  cartilage  is  not  normally  present,  as  in  the  parotid,  tes- 
ticle, mamma,  and  ovaries,  where  they  are  apt  to  be  mixed  with  other 
tissue ;  or  in  subcutaneous  connective  tissue  and  fasciie. 

They  are  in  general  benign  tumors,  but  metastases  sometimes  occur,' 
most  frequently  in  the  lungs,  sometimes  in  the  heart. 

Small  hyperplastic  growths  on  the  surfaces  of  cartilages  are  called 
ecchondroses. 

OSTEOKA. 

The  formation  of  bone  in  the  body  in  abnormal  places  occurs  quite 
frequently  and  under  a  great  variety  of  conditions.  It  is  on  this  account 
not  easy  to  define  the  term  osteoma,  and  it  is  frequently  difScult  to  de- 
cide whether  or  not  a  given  mass  of  new-formed  bone  should  be  thus 

n  chondroma  see  Eriist,  Ziegler'a  IJtitr,,  BU.  xxviii.,  p 
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designated.  Bone  tissue  often  occurs  in  tumors  of  the  connective-tissue 
group  as  a  secondary  or  complicating  structure — ogteojibroma,  osteo-chon- 
droma,  osteo-tareanM,  etc.  It  may  occur  iu  muscles  as  a  result  of  certain 
exercises,  or  as  a  result  of  a  peculiar  inflammatory  process,  or  it  may 
occur  iu  counectiou  with  chronic  inflammation  in  a  variety  of  tissues.  A 
circumscribed  mass  of  abnormal  bone,  uot  of  inflammatory  origin,  may 
be  called  an  osteoma.  Small  masses  of  new-formed  bone  of  various 
shape,  projecting  from  a  bony  surface  and  frequently  of  inflammatory 
origin,  are  usually  called  osteophytes.  Bony  tumors  projecting  from  the 
surfa*«  of  bones  are  frequently  called  exostotes. 

An  osteoma  may  be  loose  in  texture,  consisting  of  bone  tissue  similar 
to  cancellous  tissue;  or  it  may  be  very  hard  and  dense  like  ivory,  so- 
called  ivory  exostoses.  The  diff'erence  between  these  forms  lies  chiefly 
in  the  varying  number  and  size  of  the  vascular  and  medullary  spaces 
which  they  contain.  The  growth  of  the  osteomata  is,  as  a  rule,  slow. 
They  are  benign  tumors,  and  are  not  infrequently  multiple. 

Osteomata  may  develop  in  connection  with  the  bone  or  i>eriosteum, 
which  is  most  frequently  the  case,  or,  independently  of  bone,  in  soft 
parts. 

New-formed  bone  has  been  found  in  the  soft  parts  of  the  body ;  in  the 
brain  substance,  dura  mater,  and  pia  mater;  in  the  pleura,  diaphragm, 
and  pericardium;  in  the  skin,  choroid,  air  passages,  lungs,  and  penis, 
and  iu  other  places.  To  what  extent  some  of  these  bone  formations  may 
ha^'e  been  due  to  inflammatory  action  it  is  not  possible  to  say. 

Odontoma. — Tumors  are  sometimes  formed  from  the  pulp  during  the 
development  of  the  teeth.  When  these  contain  dentin  they  are  called 
odontomata. 

OUOHA. 

The  gliomata  are  developed  from  the  characteristic  framework  of 
ner\'e  tissue,  the  neuroglia,  which  iu  structure  many,  though  usually  not 
all,  of  its  cells  closely  resemble. 
Small  cells  with   inconspicuous 
bodies  and    numerous    delicate 
branching    processes    are   most 
chai-acteristic ;  butin  counectiou 
with   these   there   is   usually  a 
greater  or  less  number  of  small 
spheroidal  cells  with  proportion- 
ally large  nuclei  (Fig.  171),     It 
is  usually  necessary  to  shake  sec- 
tions in  water  or  carefully  tcjise  f,u.  ul-glioma  or  brun. 
fragmeuts  of  the  tumor  iu  order 

to  see  the  characteristic  neuroglia  or  so-called  "spider"  cells  (Fig.  172). 
These  tumors  may  contain  verj' numerous  and  frequently  dilated  thin- 
walled  blood-vessels.  They  may  be  very  soft  or  modei'ately  hard;  and, 
especially  when  occurring  in  the  substance  of  the  brain,  are  frequently 
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DOt  sharply  oatlined  against  the  adjacent  normal  tissue.     They  usually 

occur  singly,  and  are  comparatively  slow  in  growth. 

They  are  frequently  associated  with  other  tumor  tissue,  forming  fflio- 

myxoma,  gliosarcoma,  etc.  Owiug  to  the  abuudauee  of  thin-walled  blood- 
vessels aud  the  softness  of  the 
growth,  they  are  liable  to  iuter- 
stitial  htemurrhages,  and  may 
then,  when  occurring  iu  the 
brain,  readily  be  mistaken  for 
ordinary  apoplectic  clots.  They 
are  liable  to  fatty  degeneration. 
They  usually  occur  in  the  brain, 
spinal  cord,  and  in  the  optic  and 
other  cerebral  nerves.  The  so- 
called  gliomata  of  the  retina  are 
usually  small    spheroidal -celled 

sarcomata. 
Pia.     m.— NicBooLiA  Oft  "SPinrn"  CULLS  from  ^  ,.  .  ,       . 

gliohi  o»  th«  biuln.  Pure    gliomata    are    benign 

Teued  Specimen.  tumors,   though   iu   their    most 

common  combination  with  sar- 
coma they  may  be  very  maliguant.  Their  usual  situation,  however,  is 
such  as  to  make  them  almost  always  significant,  although  technically  they 
are  benign  tumors. ' 


Tumors  composed  of  muscle  tissue  are  of  two  kinds,  following  the 
two  normal  tyx>es  of  muscle,  the  non-striated  and  the  striated. 

L  Leiomyoma,  Hyoma  Levicellnlare. — The  characteristic  elements  of 
these  tumors  are  fusiform,  smooth  muscle  cells,  with  elongated  or  rod- 
shaped  nuclei.  These  are  packed  closely  together,  frequently  interlacing 
and  running  in  various  directions,  and  are  iutemiingled  with  a  variable 
quantity  of  more  or  less  vascidar  fibrillar  connective  tissue  (Fig.  173). 
When,  as  is  not  infrequently  the  case,  the  connective- tissue  elements  are 
present  in  large  amount,  the  tumor  is  called  Jibro-myoma  (Fig.  174).  It 
is  not  always  easy  in  sections  to  distinguish  between  these  tumors  and 
certain  cellular  fibromata,  hut  the  chanu't eristic  shape  of  the  isolated 
cells  and  their  nuclei,  together  with  their  uniformity  iu  size,  will  usually 
suffice.  The.se  tumors  arc  frequently  infiltrated  with  lime  salts,  and, 
owing  to  their  density  and  lack  of  blood-vessels,  they  not  infrequently 
degenerate,  forming  cysts  or  becoming  gangrenous.  They  may  occur 
singly  or  be  multiple,  are  usually  of  slow  growth,  may  be  large  or  small, 
and  are  benign.  They  may  occur  wherever  smooth  muscle  tissue  exists. 
They  are  most  frequently  found  in  the  uterus,  where  they  are  often  mul- 

'  Our  knowledge  of  Ihe  normal  neuroglia  is  still  loo  meagre  to  permit  ua  to  under- 
Btand  very  tliorou^tily  this  class  of  tumors,  and  to  separate  it  as  precisely  as  could  be 
wished  from  certain  of  its  allies  among  llie  nbnormal  coniieetive- tissue  growths.  See 
footnote,  p.  803. 
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tiple.     They  may  occur  in  the  wall  of  the  gastro-iutestiaal  canal,  and 
Lave  been  seen  in  the  kidney,  iu  the  bladder,  and  in  the  skin.     The  so- 
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called  hypertrophies  of  the  prostate,  so  frequent  in  advanced  life,  are 

sometimes  considered  leiomyomata  of  the  interstitial  muscle  tissue  of  that 

gland. 

IL  Myoma    Striooellnlare,   or  Rhabdomyoma — In   these  rare  tumors 

stnate<l  muscle  fibres  are  the  characteristic  elements  They  very  rarely 
compose  a  great  part  of  the  tumor, 
but  are  intermingled  with  other  ele- 
ments fibrillar  connective  tissue, 
spindle  shaped  and  spheroidal  cells  of 
\  irious  forms  vhicb  often  appear  to 
Iw  incompletely  developed  muscle 
cells.  They  are  not  infrequently 
lasociated  wilh  sarcomatous  tissue- 
Blood-vessels  and  sometimes  nerves 
lire  also  present.  The  muscle  fibres 
differ,  as  a  rule,  from  normal  striated 
iiuiscle  fibres  in  their  arrangement, 
which  is  usually  quite  irregular,  and 
also  iu  size,  being  iu  general  smaller 
tliaii  normal  fibres,  atthongh  varying 
greatly.  The  sarcolemina  is  either 
absent  or  incompletely  developed. 
These  tumors  are  usually  small  or 
of  moderate  size,  and  are  supposed  to 
originate  from  inclusions  of  cells 
destined  to  form  muscle  tissue  in 
pla<^s  where  they  do  not  belong. 
In  the  heart  and"  certain  other  muscular  parts  small   circumscribed 

masses  of  striated  muscle  tissue  have  been  described,  and  are  sometimes 
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called  komoloffous  rkabdomy&mfUa.  But  genuine  hderologovs  rhoMamyO' 
maUi  are,  in  almost  all  cases  thus  far  recorded,  confioed  to  the  genito- 
urinary organs,  kidney,  ovary,  and  testicles.  The  writer  has  described 
an  exceptional  case  of  rhabdomyoma  occurring  iu  the  parotid  gland." 

These  tumors,  -when  not  associated  with  other  and  malignant  tumors, 
are  benign  and  are  of  much  greater  theoretical  than  practical  interest. 

NsmtOKA. 

A  tme  neuroma  is  a  tumor  containing  new -formed  nerve  tissue.  Such 
tumors  are  comparatively  rare.  Tumors  developed  in  the  connective 
tissue  of  nerves  and  composed 
osnally  of  fibrous  or  mucous 
tissue  are  common,  and  are  fre- 
quently called  neuromata,  but 
they  should  be  called  fibromata 
ormyomata,  etc.,  of  the  nerves, 
or  false  neuromata.  The  true 
neuromata  are  of  two  kinds, 
ganglionic  or  celhdar  neuromata 
SiaAJibriUar  neuromata,  depend- 
ing upon  the  character  of  ner^'e 
Fig,  176.— NKDHOMi  Ganglion  ivouiE.  tissiie     which     they     Contain. 

secoon  from  a  lumorof  uie  adreMi.  The    ganglionic    ueuromata — 

neuroma  ganglioniforme  —  in 
which  new-formed  uer\'e  cells  are  present  (Fig.  175),  are  found  asso- 
ciated with  other  structures  in  certain  of  the  teratomata  in  the  ovaries, 
testicles,  and  in  the  sacral  region ;  they  also  occur  in  the  gray  matter  of 
tlie  brain.     They  have  been  found  in  the  adreuals. 

The  fibrillar  neuromata  are,  according  to  Virchow,  of  two  kinds,  mye- 
linic and  ttmyelinie,  depending  upon  whether  the  nerve  fibres  which  they 
contain  are  niedu Hated  or  not.  The  neuroma mydinimtm  is  the  more  com- 
mon and  the  best  understood.  The  medullated  nerve  fibres  in  these 
tumors  are  associated  with  fibrillar  connective  tissue,  and  are  usually 
curled  and  intertwiued  in  a  most  intricate  manner.  They  are  either  sin- 
gle or  multiple  on  the  peripheral  nerves.  They  may  occur  in  consider- 
able numbers  as  nodular  tumors  on  the  branches  of  a  single  nerve  trunk, 
or  they  may  form  an  irregular,  diffuse,  nodulated  enlargement  of  the 
nerve  branches — plexiform  neuroma.  These  neuromata  may  or  may  not 
be  painful.  They  not  infrequently  form  at  the  cut  ends  of  the  nerves 
iu  amputation  stumps.  They  are  benign  tumors,  never  forming  metas- 
tases. 

The  false  neuromata  are  myxomata,  or  fibromata  (Fig.  176),  or  some- 
times myxo-sarcomata  of  the  nerve  sheaths  or  intrafascicnlar  connective 
tissue,  and  may  be  single  or  multiple.  In  the  latter  case  they  may  affect 
th  •  branches  of  a  single  nerve  tnink  (Fig.  177),  or  they  may  be  found 
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on  nearly  all  the  cerebro-spinal  peripheral  nenes.     The  writer  has  de- 
scribed a  case  (Figs.  177  and  178),  in  which  more  than  eleven  hundred 
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and  eighty-two  distinct  tumors  were  found  distributed  over  nearly  all 
the  peripheral  nerves  of  the  body.' 

The  nerve  tibres  in  these  tumors  may  be  crowded  apart  by  the  new 
growth  and  considerably  atrophied;  or,  in  cases  in  which  the  tumor  is 
composed  of  soft  tissue,  as  in  myxoma  or  the  soft  fibroma,  they  may 


no.   177.— MCtTlPLK   FIBROMATA    (FaLM  NEWBOUATA)    OF  PNECMOaASrRlC  NKRVK.     One-l]U»rtCT  DStUHl 

slzv. 
From  ibe  same  ran  u  ttuit  Irum  wblcli  tbe  pbnUigrapblc  reproducUoD  o[  Fie.  ITS  Is  madp. 

pass  through  or  around  the  tumor  entirely  unchanged.     The  multiple 
false  neuromata  are  in  many  ca^s  congenital.' 


ANOIOHA. 

Angiomata  are  tumors  consisting  in  large  part  or  entirely  of  new- 
formed  blood-  or  lymph-vessels  or  cavities.  In  many  tumors  of  various 
kinds  the  new-formed  or  the  old  blood-  and  lymph -ves-sels  may  be  very 
abundant  or  prominent  by  reason  of  their  dilatations;  the  vessels  of 
otherwise  normal  tissues  may  also  be  largely  dilated,  thus  simulating 

'  Pnidilfa,  Ameriivan  Journal  of  tlie  Mwlical  Sciences,  vol.  Isxx,.  p  134.  1880. 
Consult  also  /VW«  and  UekU/en,  Tnuis,  Asan,  Am,  Phya,,  vol.  xv.,  p.  470.  IftOO.  bibl, 

'For  association  of  these  tumors  with  sarcoma  see  Larkin,  Jour,  Hed,  Itesearcli. 
vol,  ix,.  1808. 
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vascular  tumors.  These  are,  howe\er,  not  true  angiomata,  although 
soinetimes  I'eckoncd  among  thorn,  and  in  many  cjisos  closely  allied  to 
them.     Such  are  the  so-called  arterial  varix,  or  cirsoid  aneurisms,  and 


This  w^'llau  lsfn>mk  vBwulir  im'viu,  "sintn  berry  mark."  olthesklD. 

hiemorrhoid.H,  and  various  lymi>hectjisift'.  True  angiomata  are  of  two 
kinds— I.  Htemangioma,  and  II.  Lymphangioma. 

L  Htemangioma. — These  tumoi-s  are  of  two  types:   1.  Those  formed 
largely  of  ciipillary  blood-vessels  with  either  thin  or  thickened  walls, 
emlwdded  in  a  more  or  less  abundant  connective- tissue  Ktronia.     Tbese 
are  oallMi  nimple  angiomata  or  angiuma  U-langiecloidcs  (Fig.   179),     The 
walls  of  the  ves.sels  in  these 
tumors  are  frequently  dilated 
or  pouched,  and  usually  form 
a  (angle  of  cnrled  and  inter- 
twined vessels.     Tbey  wcur 
most  frequently  in   tlie  skin 
or  subcutaneous  tissues,  usu- 
ally almut  the  fiicc,  and  may 
project  above  the  general  sur- 
face or  be  on  a  level  witli  it. 
Sncli  ai-e  the  so-called  rascK- 
Jur  rntri,  or  ittfairbt'rrtf  markit, 
wliicli  are  usually  congenital. 
They  are  sometimes  sharply 

ciiTumscrilKHl,  and  sometimes  fju.  iho.-  anuiou*  c»TKiixosru  o?  livbb. 

mcigc  imiK-rceptihly  into  the  Ti.iB8e.iioQ  shows  the  inureHiaiiimnoT. 

snrronndiiig     skin.       Tliey 

sometimes  occur  ia  the  mucous  membranes,  in  the  mamma,  twnes,  and 
brain.  They  are  benign  tumors,  never  forming  nieta.sla.ses,  but  may  lie 
associated  with  sarcomata. 

2.  The  second  form  of  hiemangioma,  called  anffioma  cavernosum  (Fig. 
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180),  consists  lai^ly  of  a  series  of  iuterconuuunicatiiig,  irregular-shaped 
larger  and  smaller  blood  spa^^s  lined  with  eudotlieliiim,  and  surrounded 
by  a  variable  quantity  of  ilbrillai-  connective  tissue,  which  may  contain 
smooth  muscle  cells.  They  resemble  the  erectile  tissue  of  the  corpora 
cavernosa  of  the  penis  and  clitoris.  They  are  apparently  formed  by  a 
dilatation  of  old  and  new-formed  capillaries  and  veins.  They  are  some- 
times erectile  and  sometimes  pulsating,  and  are  not  infrequently  multi- 
ple. They  may  be  seated  in  the  skin  and  subcutaneous  tissue  forming 
the  so-called  projecting  mevi,  or  in  internal  organs.     They  are  often 


FlO.  IHl.— CONOBNniL  LTHPRlkNaiOHA    mOH  ARU  OF  CHILD. 

found  in  the  liver  and  leas  frequently  in  bone,  the  brain,  spleen,  uterus, 
kidney,  intestines,  bladder,  and  muscles.  They  are  usually  of  little  sig- 
nificance, though  they  may  give  rise  to  hemorrhages. 

n.  Lymphangioma. — These  tumors  consist  of  dilated  lymph  channels, 
which  either  preserve  approximately  the  general  shape  of  the  original 
lymph -vessels,  or  are  distinctly  cavernous  in  character  (Fig.  181)  or  even 
cystic.  They  probably  originate  in  part  in  new-formed,  in  part  in  old 
lymph  channels.  A  strict  distinction  between  tiunors  forme<l  by  a  dila- 
tation of  preformed  and  new-formed  lymph  channels  is  not  possible, 
owing  to  the  very  primitive  character  of  some  of  the  ultimate  lymph 
spaces  and  our  lack  of  knowledge  of  their  exact  relations  to  adjacent 
parts. 

In  the  lymphangiomata  there  may  be  much  or  little  connective  tissue 
between  the  dilated  channels,  which  are  usually  filled  with  a  translucent 
or  milky  fluid  resembling  normal  lymph.  These  tumors  are  usually  con- 
genital, hut  are  sometimes  acquired.  They  usually  occur  in  the  skin  as 
soft,  sometimes  considerably,  sometimes  but  slightly  elevated  growths, 
and  may  occur  in  the  tongue — some  forms  of  so-called  macroglossia. 
Tliey  are  t>enign  tumors,  but  may  rupture,  giving  rise  to  serious  lym- 
phorrhcea. 
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Tumors  in  Which  Epithelial  CellB  are  Predominant  or  Char- 
acteristic Elements— Epithelial  Tumors. 

I.  ADENOUA.     H.  CABCINOKA. 

Getieral  Comideratioru  Regarding  Epithelial- Cell  Tumors. 
While  iu  the  maiD,  iu  the  uormal  body,  the  general  distinctious 
between  epithelial  and  other  tissues  are  fairly  well  maiked,  there  are 
instances,  especially  those  iu  which  epithelial  tissues  are  iu  process  of 
physiological  growth  or  reju venation,  in  which  the  distinctions  are  quite 
ill-defined.  WTieu  we  remember  the  mpid  growth  of  many  tumors,  the 
tendency  to  incomplete  formation  of  their  cells,  their  diverse  seats,  and 
the  various  complicating  conditions  under  which  they  originate  and  de- 
velop, it  does  not  seem  strange  that  the  exact  limitations  of  this  class  of 
tumors  are  not  easy  to  fix,  nor  that  they  seem  sometimes  to  merge  into 
one  another  and  into  tumor  tissues  belonging  to  other  classes.  If  epi- 
thelial cells,  under  all  circumstances,  had  a  definite  and  characteristic 
structure,  or  if,  on  the  other  hand,  we  could  always  know  whether  a 


na.  lat— CiBclNOJlA  or  tax  Stomach— MsnuLrAHV  Cihccnoh*  or  Carcinoua  molli. 

given  cell  group  originated  in  epithelium  or  not,  the  matter  of  distin- 
guishing between  tumors  of  this  and  other  classes  would  be  simple  and 
easy  enough.  As  it  is,  in  some  cases  both  morphological  and  histogenetic 
criteria  fail  us,  and  the  clinical  history  and  gross  appearance  are  not 
characteristic.  Such  instances — which  are  indeed  rare — suggest  the 
possibility  that  the  facts  at  our  command  do  not  justify  such  definite 
distinctions  between  epithelial  and  certain  other  tumors  as  on  both  the- 
oretical and  practical  grounds  we  should  like  to  command.  While 
these  difficulties  in  special  cases  must  be  acknowledged,  the  distinctions 
are  in  the  main  definite  enough,  and  very  useful  both  for  clinical  and 
scientific  purposes. 


Digitized  byGoOgIC 


336  TUMoas. 

Epithelial  tumors  always  contain,  in  addition  to  the  more  or  less 
characteristic  cellular  elements,  a  conuective- tissue  stroma  which  gives 
them  support  and  carries  the  vessels  (Fig.  182).  This  stroma  may  be 
sparse  or  abundant,  may  contain  few  or  many  cells,  is  sometimes  ar- 
raiigftd  in  irregular  fascicles  or  bands,  and  very  frequently  fonns  the 
walls  of  well-deflned,  variously  shaped  spaces  or  cavities  called  alveoli, 
iu  which  the  epithelial  ceils  lie.  The  epithelial  cells,  in  most  cases,  lie 
along  the  walls  of  the  alveoli  without  an  intimate  cnnneetion  with  them. 
Tliey  are,  moreover,  packed  together  without  more  intercellular  substance 
than  the  usual  cementing  material  common  to  epithelial  cell  masses.     In 


this  lack  of  fibrillar  intercellular  snt>8tancc  within  the  alveoli,  and  in  the 
loose  relationship  between  the  cells  and  the  alveolar  walls,  lie  in  many 
cases  the  chief  morphological  distinctions  between  certain  carcinomata 
and  al\'eolar  sarcomata. 

In  certain  of  the  epithelial  tumors  there  is  a  reproduction  of  typical 
gland  tissue  of  various  kinds,  depending  upon  the  seat  and  conditions  of 
growth  of  the  tumor.  Such  tumors  ai-e  called  adenomata  (Fig.  183).  A 
simple  hyjiertrophy  of  a  gland,  or  an  inci-ease  in  its  size  by  excessive 
growth  of  its  interstitial  tissue,  does  uot  constitute  an  adenoma.  There 
must  be  an  actual  new  formation  of  more  or  less  typical  gland  tissue. 
This  is  uot  always  or  frequently  of  exactly  the  same  character  as  the 
gland  tissue  in  which  it  originates,  and  always  exhibits  a  certain  lack  of 
conformity  to  the  type  in  structure  and  mode  of  growth.  The  alveoli 
and  ducts  usually  have  a  Itimeu  and  sometimes  a  membrana  propria,  bnt 
the  cells  may  differ  in  shape  fr6m  one  another  and  from  those  of  the 
gland  from  which  they  spring.     . 

Epithelial  tumors  in  which  there  is  no  close  conformity  to  a  glandu- 
lar type,  but  an  independent  artd  atypical  growth  of  epithelial  cells  iu 
the  meshes  of  an  old  or  new-foi-med  connective-tissue  stroma,  are  called 
cnreinomata  (Fig.  lf>2). 

It  will  readily  be  seen  that  there  must  be  a  border  region  l>etween 
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the  adenomata  and  carcinomata,  irhere  conformity  to  the  glandular  type 
mei^es  into  the  lawlessness  of  growth  characteristic  of  carcinomata.  In 
this  border  region  a  certain  degree  of  individual  bias  must  be  permitted 
in  assigning  a  name  to  the  new  growth.  In  some  cases  a  sharp  distinc- 
tion cannot  be  made ;  or  the  tumor  may  share  in  the  characteristics  of 
both,  and  then  we  very  properly  make  use  of  the  term  adenocarcinoma 
or  mrciao-adenoma. 

I.    ADENOKA. 

The  structure  of  the  cellular  elements  of  these  tumors,  and  their  ar- 
rangement into  acini  and  ducts,  vaiy  even  more  than  do  those  of  the 
uormat  glands  whose  types  they  follow.  The  acini  usually  possess  a 
more  or  less  well-defined  lumen  and  membrana  propria  (see  Fig.  183). 
The  adenomata  sometimes  merge  into  the  surrounding  tissue,  or  are  con- 
tinuous with  the  gland  tissue  in  which  they  originate;  sometimes  they 
are  distinct  in  outline  and  encapsulated.  The  interstitial  tissue  is  some- 
times abundant,  sometimes  sparse,  aud  may  contain  few  or  many  cells. 
The  irregularities  of  their  growth  often  lead  to  the  stoppage  of  the 


lumina  of  their  ducts  aud  the  formation  of  cysts.  They  may  undergo 
mucous  metamorphosis  aud  may  become  ssircomatous. 

Adenomata  occur  iu  the  mannim,  ovarj-,  liver,  kidney,  thyroid,  sali- 
vary and  lachrj'inal  glands,  and  iu  the  caruncle;  in  the  mucous  mem- 
brane of  the  nose,  phar>'nx,  stomach,  intestine,  and  uterus;  and  occa- 
sionally iu  the  sebaceous  and  sweat  glands  of  the  skin.  The  so-called 
maltilocular  cystomata  of  the  ovary  are  among  the  most  important  of  the 
adenomata. 

There  are  numerous  papillary  and  polypoid  growths,  in  gland  ducts 

and  on  mucous  membranes,  in  which  there  is  an  actual  new  formation 

of  gland  epithelium ;   but  this  is  usually  secondary  to  a  primary  growth, 

beneath  the  epithelial  layer,  of  some  other  tissue,  such  as  fibrous  or 
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1I1UC0II8  tissue,  aud  the  new  growth  of  gland  epithelium  simply  keeps 
pace  with  the  growth  of  the  stroma  which  it  covers.  Such  growths  are 
sometimes  classed  among  the  adenomata,  but  do  uot,  strictly  speakiug, 
belong  there. 

Jlany  of  the  adenomata  are  benign  tumors,  being  slow  of  growth 
and  localized,  but  there  are  very  importiuit  exceptions.  Some  of  the 
adenomata  of  the  stomach  and  intestines  belong  to  the  most  malignant 
of  tumors  in  rapidity  of  local  exteusioii,  in  the  formation  of  metastases, 
aud  the  development  of  cachexia.  Certain  of  the  adenomata  of  the 
uterus,  inamma,  and  thyroid  are  also  verj' malignant.  It  should  here- 
marked,  however,  that,  as  a  rule,  the  malignant  adenomata  are  those 
which,  in  structure,  lie  close  upon  the  border  line  between  tnmors  of 
this  class  and  ctircinoniata  (see  Fig.  184),  and  by  such  observers  as  in- 
cline to  lay  more  stress  upon  clinical  than  morphological  distinctions 
they  are  usually  classed  among  the  latter. 

n.    CABCINOKA. 

The  tumors  of  this  highly  important  class  are  composed,  as  above 
stated,  of  a  connective-tissue  stroma,  forming  more  or  less  well-defined 
communicating  spaces  or  alveoli,  in  which  lie  variously  shaped  epithelial 
cells  arranged  in  an  atypical  manner.  The  stroma,  containing  few  or 
many  cells,  may  be,  especially  in  the  advancing  portions  of  the  tumor, 
composed  largely  of  the  old  connective  tissue  of  the  part.  It  may,  how- 
ever, be  entirely  new  formed.  The  cells  which  lie  in  the  spaces  or  alve- 
oli sometimes  bear  a  very  close,  but  sometimes  only  a  general  resem- 
blance to  epithelium  (Fig.  182). 

Within  the  last  twenty  years  the  opinion  has  found  general  accept- 
ance that  new  epithelial  cells  in  tnmors,  as  well  as  under  other  conditions, 
normal  and  pathological,  arise  after  enibrj'onic  life  exclusively  from  old 
epithelium. 

The  apparent  occurrence  of  primary  epithelial  tumors  in  parts  of  the 
body  in  which  epithelium  is  not  normally  present,  as  in  bone  and  the 
lymph-nodes,  ha-s  been  reconled;  but  these  may  have  l>een  metastatic 
tumors,  in  which  the  primary  growth  was  small  and  overlooked,  or  they 
may  have  Ixsen  displaced  embrjonic  remains,  which,  according  to  Cohn- 
heini's  hypothesis  (see  page  298),  would  explain  their  heterologous  oc- 
currence. The.se  possibilities  of  error  should  be  taken  into  the  account 
in  the  apparently  exceptional  eases,  and  it  is  to  be  remarked  that  they 
are  becoming  less  and  less  as  oui'  knowledge  increaHcs  and  our  teelinical 
facilities  for  research  improve. 

A  considerable  number  of  the  tnmors  formerly  described  as  lieterolo- 
goiis  primarj'  carcinomata  are  now  known  to  be  fomie<l  by  proliferation 
of  endothelium,  or  mesothelinm, '  aud  hence  to  iH'long  to  another  class — 
endotheliomsv — although  sometimes  considerably  re-sembliug  the  carci- 
nomata in  structure. 

'  See  rcft-rcuct  .Vi'iol.  p,  303. 
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A  great  practical  difficulty  in  tlie  description,  and,  to  t)cginners,  in 
the  recognition,  of  the  carciiioinatn  and  their  varieties,  lies  in  the  great 
divereity  in  shape  which  their  eells  present.  It  shonld  he  always  boi'ne 
in  mind  that  the  shape  of  cells  depends  in  part  upon  their  inherited  ten- 
dencies in  growth,  which  we  cannot  see  under  the  microscope;  but  to  a 
greater  degree  upon  tlie  varying  conditions  of  nutriment  and  pressure 
in  which  they  are  placed  during  life.     In  the  normal  body  these  condi- 


Fig.  183.— Carcinoma  of  the  H*np. 
Thb  tumor  is  of  Uie  eplUietJomuous  type  and  prewnts  a  large,  rougb.  ulwrslnl  taTtaas. 

tions  conform  to  a  cerlaiu  standard,  so  that  cells  of  a  given  kind  at  a 
gi^eu  stage  of  development  are  approximately  similai'. 

In  tumors,  however,  the  lawlessness  and  lack  of  fixed  conditions  in 
growth  ai-e  such  that  we  nmy  have  many  young  and  atypical  so-called 
indifferent  forms  of  cells;  while  even  the  adult  forms  may  depart  widely 
from  noruud  sha{M's.  Thus,  in  cylindrical-celled  carcinomata  there  are 
many  fully  develoi>ed  (-oils  which  are  never  cylindrical ;  there  are  many 
others  not  fully  de\eloi>cd  which  are  »iuite  indifferent  in  fonn,  looking 
just  like  many  other  young  cells.  Finidly,  there  may  be  in  such  tumors 
inflammatory  processes  through  which  young  connect i\c- tissue  cells  are 
formed,  not  to  Iw  distingnisheil  individually  from  the  atypical  forms  of 
epithelium.  Thus  it  is  that  there  is  no  morphologically  characteristic 
"cancer  cell,"  as  was  formerly  .su]) posed.  Some  of  them  are  typical  and 
some  not,  and  tiie  more  tjpieal  may  I'esemble  normal  epithelial  cells, 
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aud  the  atypical  may  look  like  young  connective-tissue  cells  or  even 
lymphocytes.     It  is  iu  the  topography,  together  with  the  general  charac- 


From  osn-Enonis  tnammie.    Eomewbat  dlagrammallr. 

ters  of  the  cells  aud  the  sitnation  of  the  growth,  that  we  must  seek  for 
the  evidences  of  the  nature  of  such  tumors. 

The  carcinomata  are  ^'ery  prone  to  local  extension,  the  advancing 
tnmor  cells  in  the  periphery  making  their  way  throngh  the  Ijniph  spaces 
and  forming  new  foci  (Fig.  186).     Metastasis  is  of  frequent  occurrence 


m^-'^ 

'"^r-" '-  -■■-"'  T-.f.' 

Fro.  1B7.-A  nROWTB  or  CAHCINOMA  Vl 

'.LIS  !>■  A   LVMPH-VESSKL  NEAR  A  1 

Such  cell  Diaiis»  are  limUd  lo  he  dmched  an 

Id  carried  atoDg  Itie  Tfssel,  lorailnK  i 

in  some  forms,  aud  IsUies  place  jiiiefty,  tbongh  not  exclusively,  throngh 
the  lymph-vessels  (Fig.  1«S7),  fre<|uently  involving  adjacent  or  remote 
:ymph-nodes  (Fig,  188),     The  growth  of  the  tnmor  cells  iu  the  lymph- 
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Teasels,  either  in  the  immediate  vicinity  of  the  original  tumor  or  follow- 
ing metastasis  in  a  distant  part  of  the  body,  may  distend  these  so  that 


Fjc.  108.— Met  a  static  Circ[noha  iefitbklioma)  in  a  Lvupm-Node. 
TlieprlRWT  lumor  wai  ioUie  VMitiu.   Tbeievllon  gboiraU  Uwrlltlita  nnall  "epIUiellBl  petrl." 

on  free  surfaces  like  the  pleura  and  peritoneum  they  form  a  whitish, 
elevated  network.  Transverse  eectiona  of  such  distended  lymph-vessels 
are  shown  iu  Fig.  189.  Secondary  tumors  are  in  the  main  similar  in 
general  structure  to  the  primary  foci,  but  may  differ  from  them  in  \'as- 
cularity  and  the  abundance  of  the  stroma,  or  iu  the  shape  of  the  cells. 


FlQ.  ]»B.—MCTi STATIC  CARCLSOUA    [V   LVMPII-VESSELS    OT  THE  PLEFHA. 

rbe  primary  tumor  was  Id  Ibe  liver.    The  sub-plpuml  lynipbaLEca  aiK  widely  dbileudiid  u'lth  (be  (umor-cell 
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Tlie  carciiioiiiata  are,  a-s  a  rulo,  malignant  tumors,  but  tlie  different  forms 
vary  much  iu  this  inspect. 

Carciiiomata  are  liable  to  fatty,  colloid,  mucous,  aud  amyloid  degen- 
eration, and  are  especially  prone  to  ulceration  (see  Fig.  185),  to  hiemor- 
rhageandiitfianmiation  (Fig.  IfW).    Tlieymay  become  partially  calcified. 


Fig.    190.— EirDATITK  INPLAMUATIO!!    11 

Sbowjiie  leui'nrrlra  In  the  nromn  aii( 
MDBll  reRlon  gbown  In  Ihe  cutthe  lencwj 
maval  ut  the  dlaialitKnttlug  etiltliFlluin. 

and  are  not  infi-e<juently  combined  -with  otber  forms  of  tissue  in  the 
mixed  tumors. 

They  are  more  frequent  in  the  middle-aged  and  elderly  than  in  the 
young,  but  they  may  occur  at  any  ^e.'  Multiple  primary  carcinomata 
have  been  occasionally  reported.' 

Forms  op  Carcinoma. 

In  certain  carcinomata  of  the  skin  and  mucous  membranes,  the  cells, 
following  the  type  of  epithelium  from  which  they  arise,  as  they  grow 
older  are  apt  to  become  flattened  or  squamous;  these  tumors  are  called 
Squamous  or  Ftat-eefleil  Carcinomata,  or  simply  EpitkeUomata.  Iu  another 
cliiss  of  tumors,  such  as  frequently  occur  iu  the  gastio-intestinal  canal 
aud  uterus,  the  cells  are  more  or  less  cylindrical  iu  shape,  forming  a 
palisade-like  lining  to  the  irregular  alveoli;  such  tumors  arc  called 
Cyfiadrical-cellfd  C-arciiiomata,  although  here  again  many  of  the  cells  are 
not  cylindrical  at  all,  but  may  have  a  great  variety  of  forms.  There  is 
a  third  and  very  common  form  of  tumoi',  in  which  the  epithelial  cells 

'  For  a  staliatical  BummHrvof  carpinomn  cases,  witli  hihh,  sea  Bt'efMmanii.  BitI,  kl. 
^oelionsclir.,  August  4lli  arni  Hlli.  1902. 

'See  WarHiiii.  Jour.  Am.  Mod,  Awn.,  Hay  6tli.  1898,  biWiograpliy. 
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have  no  constaiit  cliaracteriatic  Khapp,  but  varj'  as  much  as  do  the  cell 
forms  in  the  various  glands  of  the  IkkIj".  Such  tumoi-s  are  oouveiiJeittiy 
classed  together  an  Carcinoma  mmplejc. 

Ill  addition  to  these  forms  there  are  Hcvei-al  others  which  depend  for 
their  chai"dcteri sties  iijiou  various  metamorphoses  or  degenerations,  or 
U1KH1  the  preponderance  of  one  or  other  of  the  anatomical  constituents  of 
the  growih.  It  will  be  most  conveuient  to  give  a  brief  description  of 
these  various  kinds,  one  after  another,  with  the  undertntaiiding  that  they 
are  not  absolute  siiecific  fomn*,  but  are  simply  varieties  which  it  is  con- 
venient to  recognize  for  clinical  as  well  as  anatomical  purposes. 

Epithelioma. — These  tumors  occur  in  the  Hkinand  in  tbemucous  mem- 
branes which  are  covered  with  stpiamoiis  epithelium.  The  cells  pi-esent 
all  of  the  various  forms  which  normally  exist  in  theses  [Ktrts— the  cuboidal 
and  polyhedral  cells  of  the  rete  Malpighii,  as  well  as  the  more  suiierficial 
flattened  forms  (Fig.  191).  Frequently  the  spined  cells,  or  so-called 
"prickle  cells,"  are  largely  i-eproduced.  Having  to  a  wrtain  extent  the 
same  life  history  as  the  cells  in  which  they  originate,  many  of  the  tumor 


Fin.  191. —Epithelioma  or  thk  Nkce. 
SboWB  epitlieltal  pearli.  splnnl  ivlls,  aDd  rcllciilar  nias»s  ot  varloUBty  shaped  epithelial  oelte. 

cells  become  dry,  thin,  and  horny,  like  the  epidermis  cells,  as  they  grow 
older;  and  since  their  growth  and  changes  often  occnr  within  the  old 
lymph  spaces  of  the  affected  tissue  or  in  the  new-formed  alveoli,  the 
cells  are  sometimes  packed  together  in  spheroidal,  concentric  nms-ses 
called  "epithelial  ])oarls"  (Figs.  192 and  193),  which  may  sometimes  be 
seen  with  the  naked  eye  upon  or  near  the  surface  of  the  growth. 
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FlO,  18E.— EPLTHBUOMA   OC  AJtllXARV   LTMPII-NODB. 

Thla  mMactallc  tumor  wu  secondary  to  a.  large  epltbeltamu  ot  the  buck  of  the  hand.  Tbe  uuall  celu 
wltb  darker  Duclet  are  llie  eelM  ol  Ibe  ljni{di-DOde.  It  allows  tbe  epiUiellal  pearls  in  var ioua  siatres  ul 
lormaUoD. 

The  new  epithelial  cell  groups  may  be  large  or  small,  may  be  gepa- 
rated  by  mach  or  little  stroma ;  often  form  reticular  masses  (Fig.  194), 


Fia.  1S».— BprTRILIOKA  or  TBK  SK[N,  SHOWING   MASSES  OF  KPITRXLIAL  PEABLB. 

rrrroduced  tronr  plioliifinipli. 
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and  may  infiltrate  the  tissues  deeply  or  remain  near  the  surface ;  or  may 
project  above  the  surface,  forming  wart-like  or  papillary  growths.    These 


Fio.  104— Epithili.:oi<*  or  Bkin, 

tnmotB  frequently  ulcerate  on  the  surface  (Fig.  185),  and  the  skin  about 
them  is  apt  to  become  thickened  (Fig.  195). 

Epitheliomata  are  most  apt  to  occur  in  the  skin,  especially  in  those 
parts  in  which  it  becomes  continuous  with  mucous  membraues — lips,  ex- 
ternal nasal  openings,  eyelids,  labia,  aud  glans  penis — and  are  frequent 
in  the  mouth,  oesophagus,  vagina,  and  about  the  cervix  uteri.  They 
may  develop  in  congeuital  mevi  of  the  skiu,  such  as  that  shown  in  Fig. 


Tbe  Oat  luDior  Decupled  m 

ace  Bbon-B  tbc  edge  nC  ibr.  lumor  und  a  ponion  of  lae  ulcer.  Tbc  papilUu  <>i  ihe  sUa  over  the  edge  of  the 
growtb  are  hypenmphled,  Had  lb«  Usaue  about  Is  InOUratcd  nlth  gmaJI  Bplierolda]  cells.  Fie.  192  stiona  a 
■ectkia  from  a  nietiuutlc  lumor  of  Uie  axlllair  lymph-oode  !□  tlila  case.  This  tumor  preseDled  tbe  ETOsa 
■ppearance  gboHH  In  the  pbotvgrapblc  reproductloa  In  Tig.  IBS. 
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196.  This  occurrence  ilhistrates  a  congenital  local  predisposition  to  tu 
luor  foruiatioii.  Simple  ebngeuital  nsevi  are  sunietiines  mistaken  for  epi- 
tlieliomata  iDecause  of  similarity  in  the  gross  appearance  of  certain  forms. 


Fio.  lB8l— A  POKTios  or  A  Congknttal  Nj;vi-3  01'  THE  Skin. 
Such  small  aKvl  are  aametlino  niblAken  tor  epIUietloinaUi  and  occBalDOBlly  HlTurd  a  BtarUng-iioiDt  for  IM 

There  are  also  carcinouiata  of  the  skin,  conii>osed  of  euboidal  cells  ar- 
ranged in  tubules  or  masses,  whicli  do  not  follow  the  type  of  the  epithe- 
lium of  the  skin,  but  rather  that  of  the  sweat  glands  or  sebaceoua  glands.' 


These  tumoi's  are  found  most  fi'e<iiiently  on  the  nose  and  eyelids,  some 
of  Hiem  i-esemble  endotheliomata  (Fifrs,  197  and  1!)8). 

Sometimes  certain  of  tlie  cells  in  an  epithelioma  appear  to  coalesce, 
forming  a  large  multinuclear  nniss.  Tlii.s  variety  of  epithelioma  is  some- 
times called  giant-cell  epUMioma. 

Flexuer"  has  described  a  rare  tumor  arising  from  the  epithelial  layers 
of  the  retina,  which  he  calls  a  npuio-epiihelioma. 

Epitheliomata  are  apt  to  recur  if  not  thoroughly  i-emoved,  and  may 

'  For  a  stuily  of  glaniMlkc  cpillitlioniala  of  tlie  skiu  Sfc  KromjieeJier,  Ziegler'a 
Beitr.,  Btl.  xxviii.,  p.  1.  IflOO. 

'  FleJ-iier.  "  A  ]'eciiliar  Glioma  (iieuro-cjiitbtlioma)  of  tbc  Hi'tiua,"  Johns  Hopkiua 
Hospital  liiilU'liu,  August,  It^Ul. 
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form  metastases,  but  ii>.  genoial  they  are  the  least  inalignant  of  the  ear- 
ciuomata.  Some  of  "the  smaller  forms  iiiay  exist  for  yeai-s  with  »o  evi- 
dent tendency  to  growth  (Figs.  197  and  19H). 

CyliBdrical-celled  Caroinoma.— These  tiimoin,  closely  allied  to  some 
forms  of  adenoma  (see  Fig.  184),  occur  in  the  stomach,  intestines,  and 
uterns.  The  cells  may  be  only  in  part  cylindrical,  the  remainder  having 
various  shapes,  and  all  being  loosely  or  closely  packed  in  larger  orsinaller 
alveoli.  They  nmy  have  much  or  little  stroma.  Theymerge  imiwrcept- 
ibly  into  the  next  class: 

Carcinoma  Simplex.— These,  which  are  by  far  the  most  frequent  of  the 
carcinomata  of  internal  parts,  are  characterized  by  the  alveolai-  structure 
and  by  the  absence  of  any  special  characteristic  shape  in  the  cells,  which 


Fill.  19eL— Small  Si 


may  be  spheroidal,  polyhedral,  fusifomi,  oi'  cuboidal.  They  may  or 
may  not  lesemble  the  epitheliiun  of  tlio  gland  iii  which  Ihey  originate. 
They  are  usually  nodular  tunioi-s,  and  may  be  hard  or  soft.  If  the  new- 
formed  .stroma  is  abundant  and  der.se,  and  preponderates  over  the  cellu- 
lar elements,  the  tumor  is  usually  hanl  and  is  called  scinhua  or  Jibro- 
mrdnoma  (Fig.  199).  If,  on  the  other  baud,  the  cellular  elements  largely 
preponderate,  the  tumor  is  usually  soft,  and,  if  it  do  not  contain  too 
many  blood-vessels,  may  have  a  general  i-esemblance  to  brain  tissue,  and 
is  then  called  encephaloid  or  nwdullary  cancer ;  or,  better.  Carcinoma  niolle 
(Fig.  182).     These  are  among  the  most  malignant  of  the  carciuomata. 


FIO.  I9B^— FlBBM^ABCINOMA  OR  CABCIHOHA  DDRCM  <BC1SI 

The  intercellular  tissue  in  these  carciuomata  may  become  so  abundant 
as  nearly  to  obliterate  the  cellular  elements,  but  it  is  doubtful  if  they 
ever  undergo  spontaneous  cure  in  this  way.  These  tumors  may  be  hard 
in  one  portion  and  soft  in  another.  They  may  contain  many  blood- 
vessels, C.  teknifficctoides.     They  occur  as  primaiT  f  umors  in  the  mamma, 
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stomach,  liver,  thyroid,  salivary,  aud  prostate  glaiids,  in  the  pancreas, 
kidoey,  testicle,  and  ovary,  and  may  occur  elsewhere. 

Oelatinoiu  Carcinoma. — The  cells  of  certain  carcinomata,  especially  of 
the  gastro-iutestinal  canal,  may  develop  a  translucent  gelatiuoiis  material 
whose  nature  is  not  well  understood,  which  acenmulates  within  the  cells.' 
In  some  cases  this  accumulatiou  is  moderate  when  the  protoplasm  of  the 
cells  may  be  more  or  less  encroached  upon  by  the  translucent  droplets  of 
the  gelatinous  material ;  but  in  other  cases,  over  lai^  areas  the  cells  are 
partially  or  entirely  destroyed,  and  replaced  by  the  new  material  so  that 


the  alveoli  of  the  tnuior  are  distended  by  it,  and  their  walls  appear  very 
distinct  iu  the  midst  of  the  gelatinous  substance  (Fig.  200).  In  snch 
cases  the  alveolar  structure  of  the  tumor  is  sometimes  very  evident  to  tie 
naked  eye,  and  these  tumors  are  therefore  often  called  alveolar  carcinoma. 
Sometimes  only  a  part  of  the  tumor  is  affected  in  this  way. 

Caroinoma  Myxomatodes. — The  cellular  elements  of  carcinomata  may 
suffer  nmcouR  softening,  and  thus  larger  and  smaller  cysts  containing  a 
mucous  fluid  are  sometimes  formed.  To  this  type  of  metamorphosed 
tumor  the  abo^'e  name  is  sometimes  applied,  but  it  more  properly  belongs 
to  carcinomata  in  which  the  stroma  is  composed  of  mucous  tissue  (Fig. 
201).  Such  tumoi-s  are  most  fre- 
quently found  in  the  gastro-iutesti- 
nal  canal  and  mamma. 

Helaao^arcinoma.  — Tumors     of 

this  class  are  rare,  and  are  character-' 

ized  by  the  presence  of  a  variable 

quantity  of  black  or  brown  pigment 

particles  either  in  the  stroma  or  in 

the  cells.     They  are  usually  soft  and 

malignant,  and  most  frequently  oc-  „     „,    „ 

cur  in  the  skin. 

From  a  (umor  of  the  mmmroa. 

MOLLCWUM   COKTAGIOBfM   13  tllL'  (iesig- 

nation  of  email  sofc  multiple  gruwtlis  of  the  skin,  most  frequent  on  tlie  f)icc,  arma,  and 
"  but  tbo  material  wLich  cLarochsr- 


..gle 


TUMORa,  349 

cliest,  and  r,n  tlie  exteraal  gCDital  organs.  Tlicy  nre  lobulated  and  cootaia  cells  similar 
to  thoBU  of  Cbe  ret«  AEalpigliii.  Witliio  tlie  cella  hd<1  crondiiig  ihe  nucleus  to  ouc  sitlc. 
or  free  among  Uic  cells,  are  rounded  or  ovoid  bodies  wliicli  arc  believed  bj  many  to  be 
protozoan  iwrasitus. 

Adamantinoma  (Cystiulenoma  adamaotiDum ;  Epithelioma  adamant tnum).—Tlii8 
group  of  tumors  la  ot  occasional  occurrence  in  the  Jaws  eillier  on  llie  surface  Iwncatli 
the  mucous  membrane,  or  in  tbe  deptb  of  the  bone.  Tliey  appear  to  l>e  ilerive<l  from 
tile  enainel  orgaiia  of  developing  Eeeth.  Tliey  are  frequently  cystic  from  the  softening 
and  al>sorption  of  their  tissues  and  nbile  in  general  benign  may  inflltrale  llic  jaw.  in- 
ducing its  alropliy.  They  are  most  apt  to  form  during  the  pcricwl  of  the  development 
of  tlie  teeth.  They  consist  in  general  of  a  Sbrillar  connective-tissue  stroma  in  ivbich 
ramify  irregular  and  complex  masst^  of  epithelial  cells.  These  epltticlial  cell  musses 
are  made  up  of  rows  of  cylindrical  cells  or  of  Huperimposed  layers  of  cylindrical,  poly- 
hedral, and  flattened  cells.  Frequently  tbcsc  btmella  of  epitlicliai  cells  enclose  a  ccn- 
tml  mass  of  branching  cells.  The  situation  of  these  tumors,  their  period  of  formation, 
and  the  resemblance  of  the  structure  to  that  in  various  phases  of  the  evolution  of  tbe 
enamel  organ,  indicate  their  origin  in  some  abnormality  in  the  development  of  the  teeth. 
There  is  freijuently  a  recurrence  after  the  removal  of  these  tumors  and  the  growth  Jnay 
become  sarcomatous.' 

Bibliography  of  Tumors. 

The  most  extensive  and  Important  work  on  tumors,  containing  a  vast  store  of  in- 
formation, is  that  of  Itudtdpli  Virehoif.  "Die  krankliaften  Geschwaigte,"  It  is  not  com- 
pleted and  is  somewliat  old,  but  is  still  invaluable  as  a  work  of  j-eference.  A  valuable 
bibliography  and  digest  of  recent  observations  on  tumors  will  be  found  in  Ziegltt'a 
"Lehrbuch  dcr  path.  Anat.."  Bd.  i.,  last  edition.  An  important  resume  on  the  malig- 
nant tumors  In  childhood,  by  titerit,  may  be  found  in  Ibe  Deutsche  me<l,  Wochenschrift, 
June  2d,  1892,  p.  494.  "  An  Introduction  to  General  Pathology,"  by  SiiWnt,  contains 
many  suggestive  facts  about  tumors  drawn  ftmrt  comparnlive  iiathology.  Current 
additions  to  llie  suiiject  may  be  found  in  the  flics  of  Lubarsch  an{l  Oatcrtag's  "Ergeb- 
uissc, "  sec  particularly  I.iibaraeh,  .lahrg.  1 ,  p.  280,  for  a  comprehensive  summarj' :  also 
for  newer  bibliography  lo  189B,  Aneliof,  Jabrg.  5.  for  1898,  p.  78,  »/r*('*  "  I..i>lirc  v.  d. 
Geschw Olsten."  1903,  is  a  valuable  work  with  many  excellent  illustrations;  bibl, 
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CHAPTER  X. 

THE  LESIONS  IXDUCED  BT  POISONS. 
Forme  of  Foieous. 

A  POISON  has  been  comnioiily  eousidered  to  be  a  substance  which 
when  iiitroduceil  into  the  body  from  without,  is  capable  of  inducing,  by 
means  other  thau  mecliauical,  patholi^ical  alterations  of  function  or 
structure,  or  both.  But  this  conception  of  poisons  as  estraueous  pre- 
formed substances  has  recently  been  gi-eatly  modified.  For  it  has  been 
learned  that  poisons  may  be  formed  within  the  body,  either  through  the 
action  of  micro-organisms  upon  its  organic  constitueuts  or  through  the 
metabolism  of  the  body  cells  themselves. 

It  is  thus  convenient  in  considering  the  lesions  induced  in  the  body 
by  poisons — toxic  lesions — to  place  in  one  group  those  due  to  preformed 
extraneous  poisons — exogenous  poimm — and  in  another  group  those  due 
to  substances  formed  within  the  body — endogenous  poisons. 

It  has  furthermore  been  found  convenient  to  make  three  classes  of 
the  eudi^enous  poisons.  First,  those  which  are  formed  under  the  in- 
fluence of  micro-organisms  in  the  course  of  the  acute  infectious  diseases 
and  whose  effects  are  most  appropriately  studied  in  that  connection. 
These  may  be  called  endogenous  poisons  of  in/ectioKs  origin.  Second,  those 
which  are  formed  under  the  influence  of  micro -oi^uisnis  in  the  gastro- 
intestinal canal  or  elsewhere  and  absorbed  into  the  body  fluids.  Third, 
those  which  are  formed  by  the  metabolism  of  the  body  cells  themselves. 

To  endogenous  poisoning  induced  by  either  of  the  latter  two  classes 
of  agents,  the  term  auto-iniojrication  has  been  most  commonly  and  most 
appropriately  applied. 

As  we  have  already  studied  the  toxic  lesions  of  the  infections  diseases, 
we  have  only  to  consider  here: 

First,  the  lesions  induced  by  prefornie<l  or  extraneous  poison — ex- 
ogenous poisons  ;  and  second,  those  due  to  the  endogenous poisoita  which  are 
concerned  in  the  so-called  auto-intoxications. ' 

'The  limitarion  of  the  termRuto-iiitoxicnlionafiit  i»  here  used  is  adopted  from  .Wir- 
ii'it,  wlio  Una  written  most  clearly  and  suggestively  upon  llie  subject.  See  Martiut, 
'  rathogentse  iniiercr  KraDkUeileu,"  Heft  1  aud  3,  m99-10U0, 
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The  IjeBiouB  Induced  by  Ez<^enouB  FoiBons.' 

Sulphuric  Acid. 

The  effects  of  litis  poiaaa  vary  witli  rlie  amuunt  taken  and  witli  Ub  Btrength.  Dratb 
usually  occurs  in  from  two  to  twenty-four  hours  after  tlie  ingestion  of  the  eonccn- 
tratcd  acid.  A  case  of  <lcatii  witliin  an  hour  is  recorded,  Wlien  llie  poison  ia  less  con- 
centrated or  its  elTeclR  arc  less  intcDw.',  tlie  patient  may  survive  for  months. 

The  Bkin  of  the  face  about  the  mouth  may  be  blackened  and  charred  by  the  acid. 

The  mouth  and  pharynx  are  of  a  grayish  or  blackish  color,  or  are  covered  with  a 
whitish  layer,  white  the  deeper  tissues  are  reddened.  Sometimes  tlicse  regions  escape 
the  action  of  the  (toisoD. 

The  UitynJ-,  Imrhea,  nnd  lung»  are  Bometimcs  softened  and  )>lackeDed  by  the  acci- 
dental passage  of  the  acid  into  thcni.  This  may  lake  place  even  when  the  acid  does 
not  pass  into  ilie  oesophagus. 

Tlie  irmiphngui  seldom  escapes.  It  is  colored  grayish  or  blacklsti.  softene<l.  and  the 
mucous  membrane  cotnesofF  in  sliieds.  If  life  is  prolonged,  cicatrices  and  strictures 
are  formed.  The  ttmniKh  may  contain  a  blackish,  pulpy  fluid,  due  to  the  action  of  the 
acid  on  mucus,  blood,  etc.  It  is  coated  on  Its  internal  surface  villi  a  black,  sticky 
layer,  beneath  which  the  mucous  membrane  is  reddened.  The  uuicoue  membrane  may 
be  blackened  in  patches  or  stripes.  The  organ  may  be  contracted  and  the  mucous 
membrane  corrugated.  Sometimes  perforation  takes  place  and  the  acid  blackens  and 
softens  the  adjoining  viscera.  In  protracted  coses  cicatrices  are  formc<l  and  the  organ 
Is  contracted.     If  the  poison  is  dilute  there  maybe  only  the  lesions  of  chronic  gastritis. 

TheMMxI  is  sometimes  thickened,  syrupy,  acid,  an(1  may  form  thrombi  in  the  vessels. 

Fatty  degeneration  of  the  renal  epithelium  is  ntcntioncil  by  some  authors, 

Tlie  body  may  be  partially  preserved  from  decomposition,  owing  to  the  action  of 
the  acid  upon  the  tissues. 

The  solution  of  indigo  in  sulphuric  acid,  commonly  known  as  sulpliate  of  indigo, 
produces  the  same  lesions  as  sulphuric  acid,  and  also  stains  the  tissues  with  which  it 
comes  in  contact  of  a  dark-blue  color.  It  is  stated  that  an  indigo-blne  tint  is  often 
found  in  the  mucous  membranes  after  poisoning  by  pure  sulphuric  acid. 

Nitric  Acid. 

Death  may  occur  very  soon  after  the  taking  of  the  poison,  but  is  not  usual  until 
the  lai)sc  of  several  houi^,  and  may  not  ensue  for  several  days  or  weeks. 

The  surface  of  the  mucous  membrane  of  the  mouth,  phai-yiir,  and  tean]tltngiit  is  cov- 
ered with  yellow  escliars  wherever  tlic  aci<l  has  touched  it.  Beneath  and  aroimd  the 
eschars  the  tissues  are  congeste<l  and  red.  The  poison  may  reach  the  cesoplmgus 
without  acting  on  the  mouth.  The  *t"miieh  contains  a  viscous,  sanguinolcnt.  yellow 
or  greenish  fluid.  The  mucous  membrane  is  congested,  red.  swollen,  softened,  and 
ecchymotic.  It  is  rarely  perforated.  The  diiodemim  may  be  liiHamed,  and  the  inflam- 
mation extend  to  \\s  peritoneal  coat.  The  rest  of  the  Intestines  usually  escapes  the 
action  of  the  acid. 

The  liii-ynx  is  very  frequently  acted  on  by  the  acid.  There  are  yellow  eschars. 
congestion  and  swelling  of  the  mucous  membrane,  sometimes  o?dema  of  the  glottis. 
The  Intchea  may  be  liiSamed  and  the  luiini  congcslcd. 

If  the  palient  survive  the  first  cltcets  of  the  poison,  chronic  inflammation,  ciciitriia- 
tion.  and  contraction  may  o<*cur. 

The  acid  nitiate  of  mercury,  if  taken  in  a  concentrated  form  into  the  stomach,  may 
induce  the  same  lesions  as  nitric  acid. 

n  be  taken  in  the  post-mortem  examination  in  caws  o/ 
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Hydrochloric  Add. 

Id  fatal  cases  death  occurs  on  theiiverogc  in  about  twenty-fourhoura.  The  lesiona 
are  In  general  ainiilar  to  tlioae  produced  by  aulpburic  and  nitric  acids,  except  that  tlie 
esciiars  are  usually  of  a  u'liitisii  culor  at  first,  becoming,  after  a  lime,  discolored  and 
disintegrated.    It  is  also  more  commou  to  find  false  membranes  on  the  inSamed  surfaces. 

Oxalic  Acid. 

In  fatal  caaea  death  may  occur  within  ten  minuies  (in  one  case  it  occurred  in  tliree 
minutes)  or  it  may  be  delayed  for  two  or  three  weel(s.  Tlie  period  of  dcatli  does  not 
depend,  as  do  in  general  the  symptoms,  upon  the  amount  and  concentration  of  the 

The  mucous  membrane  of  the  mouth,  pharynx,  and  atophngvt  is  usually  white  and 
slirivelied,  and  easily  peeled  off.  and  may  l>e  covered  with  browuisli  vomit  from  the 
stomach.  The  oisophagus  may  be  mucli  contracted.  The  ttamaeh  is  usually  contmcled 
and  contains  B  dark-brown,  acid,  mucous  fluid.  The  mucous  membrane  of  the  stomach 
may  be  pale,  soft,  and  easily  detached,  sometimes  looking  as  if  it  had  been  boiled  in 
naler  Sometimes  it  is  red  and  congested;  soinelimcs  blackened  and  gangrenous; 
sometimes  peeled  oflE  in  patclies.  Perforation  is  of  rare  occurrence.  If  life  be  pro- 
longed the  whitened  condition  of  tlie  mucous  membrane  is  succeeded  by  congestion  and 
intlammation,  Tlie  iimill  integtina  may  be  inflanicd.  Inflammation  of  the  ptem-a  and 
peritoneum,  and  congestion  of  the  lungt,  are  of  occasional  occurrence.  In  some  cases  of 
death  from  oxalic  acid  there  are  no  well-markeil  lesions. 

Polassiun]  oxalate  produces  tiie  aame  lesions  as  oxalic  acid. 

Tartaric  Acid. 
This  acid  is  seldom  used  as  a  poison,  but  in  large  doses  may  prove  fatal.     The 
lesions  in  the  cases  obscri'ed  were  redness  and  inflammation  of  the  mucous  membrane 
of  tlie  gastrointestinal  canal. 

Potaih,  Soda,  and  their  Oarbonatea. 

These  substances  are  nut  commonly  used  as  poisons  with  suicidal  or  iinmlcidal  in- 
tent, but  may  lie  taken  hy  mistake.  Tbey  may  cause  death  in  a  few  tiours,  or  life  may 
be  prolonged  for  several  weeks. 

Tiie  roueoua  membrane  of  tlic  mottth.  pliarynx.  laoplmgu*.  and  tlonutek  js  softened, 
swollen,  congested,  and  inflamed,  or  may  be  peeled  off.  It  may  lie  blackened  from  local 
clianges  in  the  blood.  The  mucous  membrane  uf  the  hirynt  and  triKhen  may  also  be 
swollen  and  inflamed. 

If  life  is  prolonged  for  some  time,  cicatrices  and  strictures  of  the  a»oplutgvt  and 
ftiimarh  are  apt  to  l)e  produced  as  a  result  of  the  reparative  luflammattoD. 

Ammonia. 
The  vapor  of  strong  ammonia  may  cause  death  from  inflammation  of  the  larynx 
and  air  pas-sagcs.  The  strong  solutitm  of  ammonia  produces  lesions  similar  to  those  of 
potash  and  soda.  The  Uiryiw,  tmrlun,  and  bionehi  are  frequently  inflamed,  and  may 
be  covered  with  false  membranes.  Fatal  inflammation  of  the  rectum  and  colon  baa 
been  produced  by  an  enema  of  strong  solution  of  ammonia. 

Potaasium.  Nitrate. 

Accidental  poisoning  sometimes  occurs  from  large  doses  of  this  salt.  In  the  ob 
served  cases  there  were  intense  congestion  and  inflamniation  of  the  atomach  and  i»te» 
tint*,  and  in  one  case  a  small  perforation  of  the  stomach  existed. 
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For  the  effects  of  several  infrequeutly  employed  Balls  of  the  alkalies  aod  alkaline 
eaiths.  which  for  the  most  part  proiduce  simple  inflammatioD  of  tlie  gastro-inteEtiDal 
canal,  we  refer  to  special  works  on  toxicology. 

PboBpliorua. 

PoiaoQlng  by  phosphorus  is  much  more  common  in  France  and  Qertnany  than  In 
thia  country.  Some  of  the  forma  of  rat  poison,  of  which  this  is  a  frequent  ingredient, 
and  the  ends  of  mat^-hes,  are  common  media  for  its  administration.  It  is  more  often 
used  with  suicidal  than  with  homicidal  intent. 

The  post-mortem  appcamncea  vary  according  to  the  length  of  time  which  elapses 
before  death,  which  may  be  from  a  few  hours  to  several  months. 

If  death  lakes  place  in  a  few  hours  llie  only  lesions  may  bo  those  produced  by  the 
direct  local  action  of  the  poison.  The  mouth,  pharynx,  and  cesophagus  usually  escape. 
The  stomach  may  be  only  slightly  reddened,  or  Ihere  may  be  patches  of  inflammation 
and  erosion.  The  contents  of  the  stomach  are  often  mixed  with  blood  and  may  have 
the  peculiar  smell  of  phosphorus.  There  may  be  little  bits  of  wood  present  when  the 
poison  has  been  taken  from  the  heads  of  ludfcr  matches.  It  is  said  tliat  the  mucous 
membrane  of  tiie  stomach  may  emit  a  phosphorescent  light  in  tlic  dark. 

If  death  does  not  ensue  until  after  several  days  the  lesions  are  more  marked.  The 
body  is  usually  jaundiced.  There  may  be  ecchymoses  beneath  the  pericardium,  pleura, 
and  peritoneum,  in  the  lungs,  the  ki<1neys.  the  bladder,  the  uterus,  the  muscles,  and 
the  subcutaneous  connective  tissue,  and  bloody  fluid  in  the  visceral  cavities. 

C^hromatolysts  of  the  ganglion  cells  may  occur. 

The  heart  and  Tolnntary  miitcUi,  the  walls  of  the  Mood-TetieU.  and  the  epithelium 
of  the  pulmonary  air  vesicles  may  be  In  the  condition  of  fatly  degeneration.  The  blood 
is  usually  dark  and  fluid. 

The  ttomaeh  sometimes  presents  no  very  striking  clianges.  There  may  be  small 
circumscribed  spots  of  inflammation,  erosion,  or  gangrene,  and  occasionally  perforation. 
Hie  most  constant  change  is  albuminous  and  fatty  degeneration  of  the  cells  which  line 
the  gastric  follicles.  In  consequence  of  this  the  mucous  membrane  appears  thickened, 
opaque,  of  white,  gray,  or  yellow  color.    The  mnnU  ialeMine  appears  nomial  or  is  con- 

Tbe  lifter  is  found  indifferent  degrees  of  albuminous  aud  fatty  degeneration,  and 
Is  oft«u  stained  yellow  from  tlie  jaundice.  It  is  usually  increased  in  size  and  of  a  gray- 
isli-yellow  or  light-yellow  color,  unless  stained  by  the  bile.  Less  frequently  the 
centres  of  tlie  acini  are  congested,  or  tlie  entire  liver  is  congested,  or  there  are  small 
btemoirhagcs  in  the  liver  tissue.  The  liver  may  l>e  soft,  flabby,  and  smaller  tlian  nor- 
mal. In  the  interstitial  tissue  of  the  liver  and  along  the  branches  of  the  portal  vein 
there  may  be  marked  infiltration  with  small  spheroidal  cells. 

The  kidneys  often  present  albuminous  and  fatty  degeneration  of  the  epithelium. 
The  mesenteric  lyn>ph-iw4e»  niay  be  soft  aud  swollen  from  hyperplasia. 

Aroetiic, 

This  poison  Is  very  frequently  employed  with  suicidal  intent.  Death  may  occur 
In  a  longer  or  shorter  time  from  the  direct  irritative  effects  of  the  poison  upon  the 
gastro-intestinai  canal,  with  the  symptoms  which,  usually  accompany  the  ingestion  of 
irritant  poisons:  or  it  may  occur  with  symptoms  of  collapse,  or  coma,  or  shock;  or  the 
symptoms  may  resemble  those  of  cholera.  The  average  time  of  ileath  in  acute  fatal 
cases  Is  about  twenty  hours,  but  deatli  has  occurred  in  twenty  minutes  and  has  been 
prolonged  for  two  or  three  weeks. 

The  mouth,  pharynx,  and  a»ophngu»  may  be  Inflamed,  but  are  more  frequently  un- 
altered. The  »tomafh  may  be  empty  or  contain  mucus  niised  with  blood.  The  arsenic, 
in  substance,  may  he  found  adherent  to  the  mucous  membrane  or  mixed  with  the  con- 
tents of  the  organ.  It  lias,  in  rare  cases,  been  found  encysted  in  the  stomach  in  consid- 
erable quantity.     When  invisible  to  the  naked  eye  a  microscopical  examination  of  the 
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stoniacli  contcutB  will  oot  infrequently  reveal  charactpristic  crystals  of  arecnjuus  acid 
or  some  of  its  compoiinds.  Tlie  Hiomacb  may  be  cuDtracIed  and  its  mucous  membrane 
comigaied.  Tbc  entire  inner  surface  may  be  red  and  iuflam^.  or  tliere  may  be  patches 
or  strealia  of  inflammation  or  deep  coogestiou.  The  inflamed  and  congested  patcbcs 
may  l>e  thickened  and  covered  witii  false  membrane  mixed  witii  larger  and  smaller 
panicles  or  masses  of  the  poinou.  Ulceration,  perforation,  and  gangrene  arc  rare. 
Blood  may  be  extravusated  into  tbe  mucosa  and  submucosa,  and  with  tbe  congestion 
give  the  mucous  membrane  a  very  darl(-red  or  brown  appearance.  Frequently  the 
mucous  membrane  is  studded  with  small  p«techi«.  Sometimes  the  arsenic  is  couverled 
in  the  stomach  into  tbe  yellow  sulphide.  There  may  be  acute  gastrilis,  even  when  the 
poison  is  absorbed  by  the  skin  or  otherwise  and  not  introduced  into  the  stomach.  The 
epithelium  of  tbc  gastric  glands  may  undergo  granular  and  fatty  degeneration. 

The  entire  length  of  the  infettine  may  be  congested  and  inflamed,  but  tbe  action  of 
the  poison  docs  not  usually  extend  beyond  the  duodenum.  In  some  rases  the  totiliirg 
lymph  nodaU*.  I'fyer'a  pnte/iee,  and  tbe  mesenlei-ic  nodta  are  swollen.  Inflammation  of  the 
bladder  and  peritoneum,  and  congestion  and  cedema  of  the  brain,  have  been  observed, 
but  are  neither  frequent  nor  in  any  way  cbaractcristic.  Fatty  degeneration  of  the 
mu*ele».  Hrer,  lddnty»,  blood-re$KU.  and  ruicular  epithelium  of  tbe  l\iag»  and  chromatoly- 
sis  of  the  ganglion  celU  may  follow  arsenical  poisoning. 

Alterations  in  the  spinal  cord  Indicative  of  acute  myelitis  have  been  described  by 
Popon'  as  occurring  in  dogs  poisoned  with  ar^cnious  acid. 

The  walla  of  tbe  atoniacli  and  intestines  and  other  parts  of  the  body  may  be  pre- 
served from  decomposition  for  a  long  time  after  death  by  arsenical  poisoning. 

It  should  always  be  borne  in  mind,  in  examining  cases  of  suspected  arsenical  poi- 
soning, that  death  may  be  produced  by  arsenic  and  its  compounds  without  any  appre- 
ciable lesions.  While  in  general  it  may  be  said  that  in  tlie  cases  In  which  no  lesions 
are  discovered  death  has  probably  occurred  soon  after  the  ingestion  of  tbe  poison,  it 
should  be  remembered  that  death  without  lesions  may  exceptionally  take  place  long 
after  the  usual  time  at  which  inflammatory  clianges  commence, 

Compoundaof  arsenic,  such  as  the  chloride  and  sulphide,  and  tliearscnite  (Schecle's 
green.  F^ris  green),  are  aomctiniea  used  for  suicidal  purposes,  and  produce  lesions  simi- 
lar to  those  of  arsenious  acid.  Paris  green  is  a  favorite  article  in  New  York,  particu- 
larly among  Germans,  for  suicidal  purposes.  It  is  usually  taken  in  considerable  quan- 
tities, and  Is  often  found  in  the  stomach  after  death,' 

OorroBiTS  Bublimate. 

The  mucous  membrane  of  tlie  mouUi  and  thnnit  may  be  swollen,  inflamed,  or  have 
a  grayish-white  appearance,  Tbe  a^ophiigua  may  i)e  swollen  and  while,  or  congested, 
or  unaltered.  The  mucous  membrane  of  the  ttnmnch  Is  usually  congested  or  inflametl, 
or  there  may  be  patches  of  softening,  ulceration,  or  gangrene.  Perforation  is  of  rare 
occurrence.  Small  ecchymoses  in  the  mucosa  are  not  uncommon.  Sometimes  there  is 
little  or  no  change  in  tbe  stomach.  Sometimes  tiic  mucous  membrane  of  the  stomach 
Is  slate-colored  from  the  deposition  of  metallic  mercury  from  the  decomposed  salt.    The 

'  Bipon.  "Ueber  die  Verandenmgen  im  RDckenmarke  nacb  Vergiftung  mil  Arsen," 
etc,  Virch,  Arch,,  Bd.  xciii,,  p.  ail, 

'  It  is  advisable,  in  cases  of  suspected  arsenic  poisoninE-,  particularly  if  tbe  body 
has  lain  for  some  time,  as  in  exhumations,  to  preserve  not  only  all  of  tbe  Internal  organs 
entire  for  the  chemist,  but  also  portions  of  the  muscles  (back,  thigh,  arm,  and  abdo- 
men), and  also  one  of  the  long  bones,  preferably  the  femur,  since  arsenious  acid  and 
its  compounds  are  quite  diffudble.  and  ma^  be  present  in  proportionately  larger  quan- 
tity in  other  parts  than  in  tbe  gu.ttro-intestiual  canal,  tt  is  desirable  to  save  tlie  whole 
of  the  interna]  organs,  and  to  weigh  the  muscle  and  bimes  as  well  as  the  wiiole  body  at 
tbe  autopsy.  In  o^er  that  the  calculations  of  the  chemist,  in  rase  arsenic  be  found,  may 
rest  upon  a  deflnitc  basis,  and  be  as  little  as  pos.sible  dependent  upon  cstimati^s,  whose 
value  may  be  questioned  by  lawyeia  should  the  case  come  into  tlie  courts. 

An  interesting  article  iin  arsenic  as  a  poison,  witii  various  collateral  data  by  JVleie, 
will  be  found  in  Hamilton's  "System  of  Legal  Medicine,"  vol.  i.,  p.  349, 
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inU9tiiie»  may  appear  aonnal,  or  there  may  be  patches  of  congestion  and  ccchymosia. 
Tbe  larynx  B-nA  trnckeii  may  be  congested.  IXie  kidnty»  may  show  albuminous  and  fatty 
di-generatiou  of  the  epithelium. 

Lead. 

Tbe  different  preparadons  of  lead  may  prove  fatal  eitiier  from  the  immediate  effect 
of  large  doses  or  from  tlie  gradual  effects  of  repeated  small  doses.  Although  there  may 
be  marked  symptoms  during  life,  the  post-mortem  lesions  are  few  and  variahle. 

There  may  be  chromatolysis  of  the  ganglion  cells. 

Large  doses  may  produce  acute  gastritis,  and  sometimes  a  whitening  of  tbe  miicoua 
membrane.  The  intesCiuea  are  generally  contracted,  and  there  may  be  fatty  degenera- 
tion of  the  renal  epithelium ;  very  frequently  there  are  no  appreciable  lesions. 

In  chronic  lead  poisoning  the  intestines  may  be  contracted,  the  voluntary  muscles 
Babby  and  light  colored,  or  partially  replaced  by  connective  tissue,  and  there  may  be 
chronic  meniugitie.  • 

Oopper. 

Acutg  poisoning  by  sails  of  copper  is  not  very  common,  but  it  is  of  occasional  acci- 
dental occurrence,  and  the  sails  are  Infrequenlly  used  with  suicidal  intent.  The  buI- 
phate  and  acetate  are  the  most  important  salts  in  this  respect.  Soluble  salts  of  copper 
may  be  formed  in  the  use  of  copper  cooking  utensils,  and  accidents  most  frei]uently 
occur  in  this  way. 

The  post-mortem  appearances  are  somewhat  variable.  The  phai-ynx  and  irti>i>h<igu» 
may  )«  somenhat  inflamed  or  unchanged.  The  mucous  membrane  of  the  itomnch  and 
iiilaitiiiet  may  be  inflamed,  ulcerated,  or  gangrenous,  and  perforation  and  peritonitis 
may  occur.  The  mucous  membrane  may  have  a  diffuse  greenish  color,  or  panicles  of 
the  salt  may  be  found  adhering  to  it, 

Turtar  Emetic. 

This  preparalion  of  antimony  may  prove  fatal  when  administered  in  a  single  largo 
dose  or  In  repeated  small  doses.  The  post-mortem  lesions  are  not  constant.  In  cases 
of  chronic  poisoning  there  are  usually  no  appreciable  lesions. 

In  cases  of  acute  poisoning  there  may  be  evidence  of  acute  inflammation  of  the 
itmphagjtt,  ttomnch,  iiiteeiin^f.  and  peHloneiita,  Sometimes  the  stomach  exhibits  no 
lesions,  while  the  intestine  Is  involved.    The  larynx  and  lungg  may  be  deeply  congested. 


Ve^table  Irritant*. 

Alots,  edocyntk,  gamboge,  jaiap,  acnmmony,  nariii.  eroton  oil,  rolchieum,  teratHa,  helU- 
bore,  elateriiim,  and  liirpenline. 

All  these  drugs  may  produce  poisonous  effects.  The  post-ihorteni  lesions  are  con- 
gestion, inflammation,  and  sometimes  ulceralion  of  the  gastro-lnlcstinal  mucous  mem- 
brane; but  these  lesions  are  sometimes  preseut  and  sometimes  absent. 

Cantfaaridea. 

This  substance  may  be  given  in  powder  or  tincture.  The  entire  length  or  only  a 
portion  of  the  utiiMnliiry  eitniil  may  be  congested  or  inflamed.  There  may  be  patches 
of  gangrene  of  the  mucous  membrane  of  Ihe  aioni'ii-h.  When  the  poison  has  been  taken 
in  substauce  a  microscopical  examination  of  the  contents  of  the  alimentary  canal  or  of 
the  mucous  membrane  may  reveal  the  glistening  green  and  gold  particles  of  the  By. 

The  kidneyt,  ureler»,  and  bliiiUlrr  may  be  congested  and  inflamed.  There  is  some- 
times  congestion  of  the  brain  and  its  membranes. 
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Opium,  and  Horphin. 
The  post-mortem  appeamnces  in  peraons  who  have  died  from  opium  or  morphine 

poisoning  are  iQconstaot  and  not  characteristic.  Congestion  of  the  brain  and  its  mem- 
branes, with  serous  effusion  iu  the  mcrabrancs  and  ventricles,  and  congestion  o(  the 
lungs,  are  changes  occasionally  seen,  but  thej'  are  frequeutly  entirely  absent,  and  when 
present  are  not  characteristic  of  death  from  this  poison. 

FoisonouH  Fmtg'i. 

The  action  of  these  substances  varies  greatly,  and  the  post-mortem  appearances  are 
inconstant  and  not  cliaracterislic.  In  general,  when  any  lesions  are  present  they  are 
those  of  gastro- Intestinal  irritation  or  of  venous  coDgeslion.  or  both. 

Microscopical  examination  may  reveal  characteristic  fragments  of  fungi  in  the  oon- 
t^ts  of  the  alimentary  canal. 

Hydrocyanic  Acid. 

This  poison  in  fatal  doses  may  destroy  life  in  a  very  short  time.  The  post-mortem 
appearances  are  inconstant  and  not  characteristic.  The  skin  may  be  livid  and  the  mus- 
cles contracted.  The  ttomtieh  may  be  congested  or  normal.  The  moat  frequent  internal 
appearances  are  those  of  general  venous  congestion.  Vnder  favorable  conditions  the 
odor  of  prussic  acid  may  be  detected  In  the  stomach  or  blood  or  brain,  or  other  parts  of 
tlie  body.  It  may  be  absent  in  the  stomach  and  present  in  other  parts  of  the  body.  If 
the  patient  have  lived  for  some  time  the  odor  may  be  absent  altogether. 

Cynnidt  ofpotumum  may  produce  the  same  lesions  as  hydrocyaulc  acid,  and  tiere 
ia  the  same  inconstancy  in  their  occurrence. 

Nitrubenzul. — This  substance  produces  general  venous  congestion,  and  the  odor  of 
the  oil  of  bitter  almonds  may  be  more  or  less  well  mai'ked  ia  the  body  after  death. 

Carbolic  Acid. 

When  this  poison  is  taken  into  the  stomach  the  mucous  membrane  of  thcmimth, 
tu&phagut,  and  itmnaeh  may  bo  white,  corrugated,  and  partially  detached  in  patches,  and 
the  edges  of  the  affected  parts  nut}'  l>e  hypersmlc  or  there  may  be  patches  of  extrava- 
sation. Brownish,  shrunken  patches  may  tie  present  about  the  mouth.  The  brain  and 
meningtt  may  be  congested.  There  may  be  congestion  and  (edema  of  the  Innga,  and 
congestion  of  the  Hrer  and  gpleen.  The  biood  ia  usually  dark  and  fluid.  The  vrine  la 
commonly  of  a  dark  or  greenish  color.  Tlie  odor  of  the  poison  may  be  evident  in  the 
body  and  in  the  urine. 

Alcohol. 

The  different  preparations  of  alcohol,  when  taken  In  concentrated  form  or  in  large 
quantitlea,  sometime^  produce  sudden  coma  and  death  in  from  half  an  hour  to  several 
hours.  Inacutepoisoning,  if  death  have  followed  soon  after  the  ingestion  of  the  poison, 
the  body  may  resist  decomposition  for  an  unusual  length  ot  time.  The  stomach  and 
tissues  may  even  have  a  more  or  less  well-marked  alcoholic  odor.  The  utomaeh,  and 
even  the  asopliagtiu  and  duodenum,  may  be  of  a  deep-red  color.  There  may  be  punctl- 
form  eccliymoscs  in  the  gastric  nmcous  membrane.  In  many  cases  the  stomach  is  ap- 
parently quite  normal.  There  is  apt  to  be  venous  congestion  in  some  of  the  internal 
organs,  but  this  Is  nut  constant.  There  are  frequently  congestion,  and  sometimes  extrava- 
sation of  blood  in  the  bnnii  and  its  membraiieg.  and  oedema  of  the  membranes  or  of  the 
brain  substance,  or  both.  There  may  be  a.  serous  e&usiMi  in  the  ventricles  of  the  brain. 
also  chromatotysis  of  the  ganglion  cells. 

In  clironic  alcohol  poisoning  death  may  ensue  from  some  other  disease,  or  after  a 
debauch.  In  the  latter  case  there  maybe  detiritim  Iremeim,  or  the  patient  dies  exhausted 
and  comatose.    Chronic  alcoholism  is  not  infrequently  mistaken  clinically  for  meulngi* 
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tis.  The  poat-morlem  lesioDS  are  sometimea  marked,  Hometimes  absent.  There  may  be 
chronic  pacbymeaiDgitis,  resulting  In  thickening  of  the  dura  maler  and  its  close  adtier- 
ence  to  the  skull.  The  pia  maler  may  tx:  thickened  and  u-dematous.  The  brain  may 
be  normal  or  tsdematous  or  atrophied  and  show  cbromatolysis  of  tlie  gnnglion  cells. 
The  liingg  are  frequently  congested.  Tlie  heart  may  be  tbickly  covered  with  fat,  and 
its  walla  may  be  flabby  and  fatty.  The  atomaek  frequently  presents  the  lesions  of 
chronic  gastritis.  The  Ucer  may  bo  cirrhotic,  with  or  without  fatty  inllltratlon.  The 
kidneyt  may  present  the  lesiona  of  albuminous  or  fatty  dcgcnemtlon  or  of  chronic  dif- 
fuse nephritis. 

It  should  always  be  remembered,  however,  that  all  or  a  part  of  the  above  lesions 
may  be  absent  in  the  bodies  of  drunkards,  and,  furthermore,  that  the  same  lesions  may 
be  due  to  other  causes. 

CUorofonn. 

Chloroform  may  cause  death  when  it  Is  taken  in  fluid  form  Into  tbestomach  or  when 
inhaled.  Death  from  swallowing  liquid  chloroform  is  rare,  and  Its  immediate  cause  is 
usually  uncertain.  The  post-mortem  changes  are  variable:  sometimes  there  are  no 
lesions.  In  some  cases  there  is  simple  reddening  of  the  gastric  raucous  membrane;  oc- 
casionally there  is  acute  gastritis  or  ulceration  of  the  mucous  membrane.  The  odor  of 
chloroform  may  or  may  not  be  evideut.  Discoloration  and  softening  of  the  mucous 
membrane  of  the  pharynx,  (esophagus,  and  duodenum  have  been  observc<l.  There  may 
be  general  venous  congestion;  the  heart  may  be  flabby.  Bubbles  of  gas  have  been 
frequently  seen  in  the  blood,  but  this  is  not  characteristic.  Death  from  inhalation  of 
chloroform  is  a  not  infrequent  accident  in  surgical  practice.  After  death  from  inhala- 
tion the  results  of  the  examination  are  usually  quite  negative. 

Ether. 
The  inlialation  of  ether  occasionally  causes  death.    The  pait-mortem  exaniiua- 
liou  is  negative.     The  ingestion  of  fluid  ether  may  induce  inflammation  of  the  stomach. 
The  odor  of  ether  may  be  perceptible  if  the  autopsy  is  made  soon  after  death. 

Chloral  Hydrate. 
Tbere  are  no  characteristic  post-mortem  appearances  after  death  by  chloral.    Hy- 
perfeniia  of  the  brain,  and  the  odor  of  the  drug,  have  been  noticed. 

StrychiuD—Kux  Vomica. 

The  post-mortem  appearances  after  poisoning  by  these  drugs  arc  not  characteristic 
and  are  inconstant.  The  body  i?  usually  relaxed  at  the  time  of  death,  but  the  rigor 
mortis,  as  a  rule,  comes  on  early  uud  remains  long.  There  may  be  congestion  of  the  bniia 
•tnd  tpirtalntrd,  and  Bometimeaof  the  lungi  andnlomach.  Chromatolysisof  the  ganglion 
cells  is  recorded. 

Animal  Venom,  etc. 

The  poisons  which  may  be  introduced  into  the  body  through  tlic  bites  of  venomous 
snakes  and  reptiles  and  the  bites  of  insects  cannot  be  eonsideretl  in  detail  here.' 

Abrin  and  ricin  are  examples  of  poisonous  substances  which  induce  in  the  body 
lesions  similar  to  those  in  certain  infectious  diseases  (sec  page  201). 

Oarbonlc  Oxide. 

This  is  one  of  the  gases  generated  in  the  burning  of  charcoal,  and  forms  one  of  the 
ingredients  of  illuminating  gas.  The  most  characteristic  post-mortem  appearance  is 
the  cherry-red  color  of  the  blooil.  and  of  the  tissues  and  viscera  which  contain  blood. 

'  Consult  Lnnffnu.ii.  "  Poisonous  Snakes  and  Snake  Poison,"  Medical  Hecord,  Sep- 
tember 15th.  IflOO;  also  Bro)rn,  "Twentieth  Century  Practice,"  vol.  xx.,  bibliography. 
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The  preaeuce  of  carbonic  acid  in  tlie  gas  ma}'  obscure  tbe  bright  red  of  the  carbonic 
oxide  by  the  darlc  color  which  it  inducea  in  tiiu  blood. 

Cftrbomc  Acid. 

The  lesions  are  essentially  tliose  of  asphyxia,  but  the  brain  Is  said  to  be  more  fre- 
quently congested  than  in  asphyxia  by  simple  obstruction  of  respiration. 

Oonium,  Aconite,  Lobelia  Inflata,  Di^tali*,  Stramonium. 

These  vegetable  poisons  are  administered  in  their  natural  form  of  leaves,  berries, 
and  roots,  or  in  tinctures,  infusions,  and  extracts,  or  in  the  form  of  their  active  alka- 
loid principles.  ' 

It  the  leaves,  berries,  or  seeds  are  given  tliey  may  be  detected  in  the  contents  of 
the  alimentary  canal  by  microscopical  examination.  Otherwise  the  results  of  autopsies 
are  not  characteristic. 

The  br'iiii  and  its  membranes,  and  the  lungs,  may  be  congested.  The  ttoninch  may 
present  patches  of  congestion,  inflammation,  and  extravasation,  or  its  entire  mucous 
coat  may  be  inHamed,  or  it  may  appear  normal. 

Ptomains  and  Otlier  Futre&ctive  Product*. 

Poisonous  substances  of  various  kinds  are  often  developed  in  the  putrefaction  of 
organic  substances,  and  certain  alkaloidal  substances  called  ptomatns  form  in  the  de- 
composition of  protetds  without  putrefaction.  Thus  in  sausages,  some  kinds  of  cheese, 
ice-cream,  decayed  flsh  and  mussels,  such  substances  have  caused  serious  and  even  fatal 
poisoning.  There  are  no  characteristic  post-mortem  changes  in  poisoning  by  these  sub- 
stances.    But  the  lesions  of  gastro-intestinal  iuliammation  or  toxiemia  may  be  present. 

These  alkaloidal  substances  may  be  of  extreme  importance  in  certain  cases  of  death 
from  obscure  causes  on  account  of  the  medico-legal  questions  which  may  arise.' 

Bibliograpby  of  Endogenous  Poisons. 

For  a  more  detailed  consideration  of  imlsons.  their  effects,  modes  of  detection,  etc.. 
consult  Taylor  on  Poisons;  Matchka't  "  Handbuch  der  gerichtlichcn  Jledicin."  Bd.  ii, ; 
Woodman  aiid  Tidy,  "Forensic  Medicine,"  WormUy'i  "Micro-chemislry  of  Poisons" 
contains  a  series  of  good  plates  of  the  microscopical  appearance  of  various  forms  of 
crystals  of  poisonous  substances, 

Lemer't  "  Atbisder  gerichtlichcn  Medicin"  contains  a  series  of  colored  plates  show- 
ing the  appearance  of  the  stomach  after  the  action  of  various  poisons.  The  work  of 
Ony  nnd  Ferrier  on  "Forensic  Medicine."  7th  ed.,  revised  by  Smith,  contains  in  very 
Kimpactand  reliable  form  much  information  on  the  general  subjects  treated  in  the  fore- 
going section.  Leiein'i  "Lchrbuch  der  Toxicologic "  contains  many  valuable  and 
suggestive  general  conelderationB  on  the  action  of  poisons. 


Lesiona  Induced  by  Endc^enoas  Poisons— Auto- 

Intoxications. 

As  we  turn  now  from  poisons  formed  outside  of  the  body  to  those 
formed  within  it — the  endoyenous  jminons — we  encounter  at  once  two 
classes:  I.  Those  poisons  which  arise  from  the  metal>olism  of  micro- 
oi^nisms.  II.  Those  which  arise  from  the  normal  or  aberrant  metabo- 
lism of  the  body  cells  themselves. 

■For chemical  aspects  of  this  subject  consult  Vnitgliii  \n  Hamilton's  "System  of 
Legal  Medicine,"  vol.  i..  p.  475.  and  Vnris/iii  aiut  A'ary,  "Uellular  Toxins";  also  Vaughn 
In  "Twentieth  Century  i^aclice,"  vol.  xiif. 
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1.  Those  which  are  formed  in  infectious  diseases.  (See  Chapter 
VIIL,  Part  II.,  on  Infectious  Diaeasea) 

2.  Those  formed  in  the  body  vithout  infeetiou. 

The  most  common  and  important  metabolic  poisons  of  this  class 
are  those  which  are  formed  in  the  gastro-iutestiual  canal  through  the 
action  of  micro-organisms,  mostly  bacteria,  upon  the  organic  constituents 
of  the  intestinal  contents  and  secretions.  The  new  chemical  substances 
thus  formed  become  deleterious  when  at>sorbed  into  the  body  fluids,  and 
this  may  occur  either  when  they  are  pi-odneed  in  unusual  quantity  or 
when  their  elimination  with  the  excreta  is  interfered  with.  \\'hen  ab- 
sorbed, some  of  these  poisons  maybe  demonstrable  iuthe  urine,  and  they 
may  give  rise  to  a  ^■ariety  of  symptoms  which  cannot  be  considered  here, 
but  which  are  appropriately  designated  as  marks  of  Mnterogen  ic  auto-hifor.- 
ication.  Such  are  dizziness,  headache,  some  forms  of  tetany,  gastro- 
enteritis, etc. 

End(^nous  poisons  anal(%ous  in  origin  with  these  may  be  formed  in 
the  bladder,  in  putrid  abscesses,  or  in  necrotic  tissues  in  various  parts 
of  the  body.  Structural  lesions,  if  such  there  be,  occurring  under  these 
conditions  are  as  yet  but  little  known. 


It  is  only  within  the  past  few  years  that  the  studies  on  cell  metabo- 
lism have  led  to  the  belief  that  the  body  cells  may  not  only  under  occa- 
sional abnormal  conditions  form  poisonous  chemical  compounds,  but  that 
even  in  the  normal  processes  some  of  the  intermediary  metabolic  prod- 
ucts may  be  inimical  to  the  welfare  of  the  body,  if  they  be  not  constantly 
rendered  inert.  This  may  be  effected  either  by  excretion  or,  as  now  seems 
probable,  in  part  at  least  throngh  the  inflnence  of  what  have  been 
called  the  "internal  secretions"  of  such  glands  as  the  thyroid,  pancreas, 
adrenals,  hypophysis,  etc.,  or  possibly  in  ways  as  yet  wholly  unknown. 

Thus  there  is  a  group  of  auto-intoxications  due  to  the  accumulation  in 
the  body  of  the  products  of  normal  metabolism  through  defects  in  the 
excretory  apparatus,  for  example,  uremia  in  renal  insufficiency  or  re- 
tention of  urine;  choliemia  in  retention  of  bile;  carbonic-acid  poisoning 
in  various  forms  and  grades  of  asphyxia.  Possibly  some  of  the  seiious 
symptoms  following  extensive  burns  of  the  skin  and  occurring  in  sun- 
stroke and  eclampsia  are  of  similar  origin.  This  may  be  called  auto-intoxi- 
calhn  thrmtgh  retention. 

On  the  other  band,  there  is  a  group  of  auto-intoxications  which  it  is 
assumed  may  in  part  at  least  be  due  to  a  failure  of  the  organs  concerned 
a  vith  thia  nod  tlie  following  sectioa  Berler't  "  Cliemictil 
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Titb  Uie  internal  secretions  to  furnish  tlie  necessary  link  in  the  chain  of 
intermediary  metabolic  products.  In  this  group  may  be  placed  cachexia 
strumipriva  and  myxoedema,  pancreatic  diabetes,  Addison's  disease,  and 
possibly  some  forms  of  acute  yellow  atrophy  of  the  liver. 

While  the  nature  and  action  of  the  postulated  internal  secretions  is 
still  obscure,  there  is  much  reason  to  believe  that  they  do  indeed  esist 
and  are  of  e:ttreme  importabce  in  the  subtle  adjustments  of  individual 
cell  metabolism  to  the  welfare  of  the  organism  as  a  whole,  and  that 
when  this  adjustment  is  dii^tnrbed,  forius  of  histogenic  auto-intoxication 
may  arise.  At  any  rate  the  hypotheses  which  have  been  formed  in  the 
new  light  have  contributed  largely  to  our  undei'standing  of  a  series  of 
important  general  disea^ses.  These  diseases,  whether  involving  or  not 
internal  secretions  in  accordance  with  our  present  conceptions,  may  be 
considered  as  dyscrasic  auto-intoxications. ' 

Whether  gout,  oxaluria,  and  some  forms  of  simple  diabetes  should 
be  considered  as  auto-intoxications  may  l>e  questioned.  Probably  Base- 
dow's disease  and  some  forms  of  puerperal  eclampsia  should  be  regarded 
as  involving  the  formation  and  retention  of  histogenic  poisons. 

Of  course  this  grouping  of  di^■e^se  forms  of  disease  should  be  consid- 
ered as  only  tentative  and  sn^^stive.  And  it  may  well  be  doubted 
whether  analogy  may  not  be  often  overstrained  in  i-egarding  as  the 
eflfect  of  poisons  what  may  after  all  be  metabolic  aberrancies  of  far  more 
subtle  character  than  the  word  auto- intoxication  would  imply. 

It  should  be  borne  in  mind  that  in  but  a  very  small  proportion  of 
the  abnormal  piocesses  which  are  considered  auto- intoxications  have  the 
assumed  poisons  been  actually  demonstrated.  The  assumption  rests 
lai^ly  upon  symptoms  which  are  regarded  as  analogous  with  those  in- 
cited by  known  exogenous  poisous.  It  is  wise  to  remember  also  that 
even  in  poisoning  by  well-defined  agents  whose  general  effects  have  long 
been  known  we  are  almost  totally  ignorant,  except  in  the  case  of  the  so- 
called  destructive  or  corrosi\'e  poisons,  of  the  exact  ways  in  which  they 
act.  A  few  induce  changes  in  the  blood ;  many  appear  to  act  upon  the 
nerve  cells;  but  the  nature  of  this  action  is  .still  unknown." 

Without  insisting  upon  the  advantage  of  such  a  grouping  as  has  been 
outlined  above,  and  with  the  full  reci^nition  of  its  incompleteness,  the 
more  important  of  the  so-called  "general  diseases,"  some  of  which  may 
be  regarded  as  auto-intoxicatious,  will  be  considered  in  the  next  chapter. 

I  For  a  discussion  of  inierual  secretionB.  wiih  bibliography,  consult  Traiisaclions  of 
the  Ccingress  of  American  Physicians  and  Siirgf'ons.  vol.  iv.,  'l897. 

'  For  coDvcnience  of  TcfercDcc  the  grouping  of  poisons  briefly  set  forth  above  may 
be  tabulated  as  follows: 

1.  Exogenous  poisons Inorganic  and  organic. 

(try,!  f  A.  In      infectious      dis- 

Endogenoua   poisons 

11.  Endogenous      poisons  —  con-  formed     largely    by-    r   witi.mit  Infect  inn 

cemed    in    autochthonous  or   1       micro-organisms.  **'     ,„*^X  entemirVnfc' 

fntet'L""'*""'"'^"'"'^"   I  Endogenous  poisons  formed  under  t&e influence  of 

mioxiCBuon.  ^^  ^^^.  ^j^^  j^|^  cells— Aw%f«ir  iw("*)n*— indue- 

I.     ing  auUf-intuticalion  in  the  more  limited  sense. 
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CHAPTER  XI. 

OENEBAIi  DISEASES. 
CACHEXIA  STKimiFSIVA— ICTXtBDEHA. 

The  thyroid  is  oue  of  the  so-called  ductless  glandB  which  are  believed 
to  fiiiiiish  iuternal  secretions  essential  to  Dormal  luetabolisni  in  the  body. 

Bemoval  or  destructive  lesions  of  this  gland,  both  in  man  and  the 
lower  animals,'  may  be  followed  by  serious  and  fatal  disease  character- 
ized as  Cachexia  strumipriva.  In  man  the  more  common  manifestation 
of  this  disease  is  called  MyxsAema.  It  occurs  most  frequently  in  middle- 
aged  women. 

The  skin  of  the  face  is  apt  to  be  swollen  and  waxy,  giving  a  peculiar 
and  rather  characteristic  appearance  to  the  features.  The  skin  of  the 
iKxly  is  apt  to  be  drj-  and  rough,  and  the  hair  may  fall  out.  Perspira- 
tion is,  as  a  rule,  diminished.  The  mental  condition  is  dull,  and  loss  of 
memory  and  insanity  may  occur.  Bodily  movement  and  speech  are  apt 
to  be  impaired.  The  fat  tissues  may  be  atrophic,  and  the  subcutaneous 
tissue  hiis  been  shown  in  some,  though  not  all,  of  the  cjises  to  contain  an 
unusual  amount  of  mucin.  In  some  cases  the  tibres  of  the  upper  layers 
of  the  corium  are  crowded  apart  by  fluid. 

The  most  marked  and  constant  lesiofi  in  this  disease  is  an  atrophic 
condition  of  the  thyroid  gland.  The  parenchyma  of  the  gland  is  more 
or  less  completely  replaced  by  fibrillar  connective  tissue  and  by  new- 
formed  reticular  tissue  resembling  the  lymphatic  tissue  of  the  lymph 
nodes.  The  general  appearance  of  the  atrophied  thyroid  gland  is  shown 
in  Fig.  20:1. 

In  a«ldition  to  the  lesion  of  the  thyroid  there  are  apt  to  be  chronic 
endarteritis  and  chronic  diffuse  nephritis.  In  some  cases  there  are  au 
accumulation  of  small  spheroidal  cells  about  the  smaller  blood-vessels  in 
various  parts  of  the  body,  and  also  petechial  haemorrhages. 

If  the  thyroid  be  completely  removed  in  young  animals  there  is. defi- 
cient development  of  the  osseous  system,  while  in  man  the  frequent  asso- 
ciation of  cretinism  with  goitre  or  other  thyroid  lesions  indicates  in 
another  way  the  close  relationship  between  the  thyroid  and  c«ll  metab- 
olism." The  nature  of  the  substances  composing  the  internal  secretions 
of  the  thyroid  is  little  understood,  but  the  wonderful  therapeutic  effects 


critical  and  cxperimeDtal  study  of  this  subject  see  Vanninghan 
"ExperimenlalThyroiiiiBm,"  Jour.  Exp.  Me<i..  vol.  iii..  p.  147.  1898,  bibliogrephv. 
.,,.     .....  ,.  ,      „..._. .J,.,. .     ■■  Trans,  of  tbi!  Congress  01  Amei 


'Consult  Outer.  "Sporadic  Cretinism  in  America,"  Trans. c 
D  Pliysicians  ami  Surgeons,  vol.  i  "'"~ 
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of  the  administration  of  the  extract  of  the  gland  in  cases  of  niyxoedema 
and  in  cretins  make  clear  their  great  importance.  Whether  directly 
toxic  substances  are  formed  in  the  thyroid  or  not,  it  seems  proper  to  con- 
sider the  cachexia  strumipriva  as  due  directly  or  indirectly  to  auto-intox- 
ication. 

EXOPHTHALMIC  OOITBX.    (Basedow's  Dimue,  Oravea'  Disease.) 

The  charaeteristic  lesions  of  this  disease  are  unilateral  or  bilatei-al 
enlargement,  largely  hyperiemic,  of  the  thyroid  gland  and  protrusion  of 
the  eyeballs — exophthalmos.  These  lesions  are  apt  to  he  a&sociated  with 
functional  disturbance  of  the  heart. '  There  is  reason  to  believe  that  this 
condition  may  be  due  to  hypersecretion  of  the  thyroid  gland,  and  (hat 
its  functional  characteristics  may  be  properly  regarded  as  indications  of 
an  auto-intoxication. 

ADDISOITB  DISEASE. 

This  name  is  applied  to  a  disease  especially  characterized  morpholog- 
ically by  a  peculiar  pigmentation  of  the  skin  and  by  certain  changes, 
morphological  or  functional,  in  the  adrenals.  Tlie  patients  suffer  from 
cerebral  symptoms,  great  prostration,  syncope,  and  derangements  of  the 
functions  of  the  stomach  and  intestines. 

The  pigmentation  of  the  skin  is  the  symptom  which  has  especially  at- 
tracted attention.  The  change  iu  coloi'  usually  begins  and  becomes  most 
marked  in  those  parts  of  the  skin  which  are  not  covered  by  the  clothing 
or  are  naturally  of  darker  color.  The  i-est  of  the  skin  afterward  changes 
color,  but  not  uniformly,  white  patches  being  left.  The  color  is  at  first 
a  light  yellow  or  brown ;  this  becomes  darker  until  it  is  of  a  dark  green- 
ish, grayish,  or  blackish-brown.  The  mucous  membrane  of  the  tongue, 
lips,  and  gums  may  be  similarly  pigmentetl. 

Under  the  name  of  Addison's  disease  different  observers  have  de- 
scribed eases  in  which  the  symptoms  and  bronzed  skin  existed  without 
disease  of  the  adi'enals ;  eases  iu  which  the  brouzed  skin  was  the  only 
lesion ;  and  cases  iu  which  the  adrenals  were  diseased  without  symptoms 
or  bronzed  skin. 

The  Skin. — The  discoloration  of  the  skin  is  due  to  deposit  of  yellowish- 
brown  pigment  in  the  deeper  layers  of  the  epideimis,  especially  in  the 
layer  covering  the  papilla,  and  less  constantly  iu  the  connective  tissue 
of  the  cutis. 

The  Brain.  —  Pigmentation  of  the  gray  matter,  acute  meningitis, 
chronic  meningitis,  and  distention  of  the  ventricles  with  serum  have  been 
observed. 

The  Sympathetic  Nerrei,  esi)ecially  those  which  are  in  contact  with  the 
adrenals,  may  show  a  variety  of  changes  apparently  due  to  chronic  in- 

'  On  the  relationship  between  tlie  thjroid  and  Basedow's  disease,  cousult  Ei'Uubfrg, 
Deutsche  med.  Wochensch.,  October  4th.  18B4;  also  Bdiminds,  Jour,  of  Pathology  and 
Bacteriology,  vol-  HI..  |).  4M»,  1896;  Firiifr.  Virchow's  Arcliiv.  Bd.  cxllii.,  p.  309, 1808, 

blbliogrnphy. 
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flammatioQ.  Various  changes  in  the  nerve  cells  of  the  semilunar  ganglia 
have  been  described. 

There  may  be  fatty  degeneration  of  the  heart  muscle  and  hyperplasia 
of  the  intestinal  lymph-nodules  and  spleen.  , 

The  Adrenals. — The  most  common  lesion  of  these  bodies  ia  a  tubercu- 
lous inflammation,  and  this  or  some  other  lesion  has  been  found  in  nearly 
one-half  of  the  cases.  On  the  other  hand,  it  should  be  remembei'ed  that 
similar  le-sious  of  the  adrenals  oft«n  occur  without  other  indications  of 
Addison's  disease.  Tuberculous  adrenals  may  be  large,  hard,  and  nodu- 
lar; less  frequently  of  normal  size  or  smaller  than  normal.  On  section 
they  may  contain  cheesy  masses  surrounded  by  zones  of  gray,  semitrans- 
lucent  tissue.  Later  the  cheesy  masses  may  become  calcified  or  they  may 
soften  and  break  dowu.  The  grayish  zones  are  composed  of  tubercle 
tissue  or  denser  connective  tissue.' 

Other  cases  have  been  described  in  which  the  adrenals  were  the  seat 
of  carcinoma  or  of  fatty  or  waxy  degeneration.  But  these  lesions,  espe- 
cially carcinoma  of  the  adrenals,  may  occur  without  the  manifestations 
of  Addison's  disease.  The  adrenals  in  some  eases  appear  normal  or  they 
may  be  atrophied. 

On  the  whole  the  clinical,  morphological,  and  experimental  data  now 
available  seem  to  point  to  lesions  of  both  the  sympathetic  system  and 
the  adrenals  as  of  probable  significance  in  determining  this  disease. 

The  hypothesis  which  is  most  in  favor  at  present  assumes  that  the 
a<lrenals  furnish  an  internal  secretion  without  which  normal  metabolism 
cannot  l>e  effected,  and  that  lesions  of  the  adrenals  or  of  the  symjmthetic 
ganglia  and  vessels  about  them,  by  altering  or  diminishing  this  secretion, 
may  lead  to  the  functional  and  structural  changes  characterizing  the 
disease.  Tlie  propriety  of  considering  Addison's  disease  as  an  example 
of  auto -intoxication  can  hardly  be  decided  in  the  light  of  the  facts  yet  at 
our  command.  It  is  clear,  however,  that  the  adreuals  contain  very  pow- 
erful chemical  substances  which  have  a  marked  effect  upou  certain  tissues 
of  the  hotly.' 

DIABETES  UELLITTTS. 

This  disease  involves  such  defects  in  nutrition  as  lead  to  an  abnormal 
accumulation  of  sugar  in  the  blood  and  its  discharge  by  the  urine  (glyco- 
suria), which  is  increased  in  amount. 

A  great  \'ariety  of  lesions  have  been  found  in  the  body  after  death 
from  diabetes,  but  few  of  tbem  appear  to  be  of  well-defined  significance 
in  this  special  relationship.  The  general  condition  of  malnutrition  and 
debility,  so  often  marked  in  this  disease,   renders  diabetics  especially 

'  For  a  study  of  experimental  tulterculosis  of  the  adrenals  and  its  relations  to  Addi- 
son's Disease,  see  Veeclti,  Centralbl.  f.  Palli.,  July  IStli,  1001. 

'  For  a  summary  of  observations  ou  the  effects  of  removal  of  suprarenal  botiy  and 
Ihe  nature  of  its  "active  principle,"  consult  Abd,  "Vaughao  Auoiversary  Contribu- 
tions to  Medlfal  Research,"  1908,  p.  139;  bibl. 
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vulnerable  to  slight  iujuries  or  iufectious;  gangrene,  for  example,  is 
liable  to  occur  either  with  or  witboufe  marked  injury  in  cases  of  diabetes.' 

The  Brain  may  appear  to  be  entirely  normal;  it  may  be  congested; 
there  may  be  an  increase  of  serum;  the  convolutions  may  be  shrunken; 
there  may  be  meningitis;  there  may  be  dilatation  of  tlie  blood-ressels, 
small  extravasations  of  blood  around  the  vessels,  enlargement  of  the  peri- 
vascular spaces,  and  alterations  in  the  perivascular  sheaths  and  nerve  tis- 
sue bounding  the  cavities;  there  may  be  tumors  at  the  base  of  the  brain. 

The  SpinRl  Cord  may  present  dilatation  of  the  blood-vessels;  dilatation 
of  the  central  canal ;  changes  in  the  gray  matter  of  the  anterior  comua, 
Marks  of  multiple  neuritiH  and  lesions  of  the  sympathetic  ganglia  may 
be  present. 

The  Lan^ — There  may  be  the  lesions  of  pleurisy,  bronchitis,  broncho- 
pneumonia, lobar  pneumonia,  gangrene,  tuberculosis. 

The  Heart  may  be  smalt  or  hypertrophied ;  there  may  be  chronic 
endocarditis. 

The  Stomach  and  Inteitiaet. — The  stomach  may  be  dilated,  its  walls 
may  be  thickened,  there  may  be  hiemorrhagic  erosions  of  the  mucous 
membrane.     In  the  intestines  theremaybe  tuberculousulcersoreateritis. 

The  Liver  may  be  cirrhotic  or  fatty,  or  glycogenic  infiltration  may 
occur. 

The  Kidneys  may  be  enlarged;  they  may  be  the  seat  of  albuminous 
degeneration  or  diffuse  nephritis ;  there  may  be  glycogenic  infiltration 
of  tlie  epithelium  of  Ilenle's  loops. 

The  Blood. — In  a  few  cases  fat  has  been  found  in  the  blood,  and  fat 
emboli  in  the  vessels  of  the  lungs. 

The  Panoreas. — In  a  considerable  propoi'tiou  of  cases  the  examination 
of  the  pancreas  reveals  some  lesion,  usually  atrophy  of  the  parenchyma, 
often  with  increase  of  the  interstitial  tissue.  Hyaline  degeneration  and 
interstitial  inflammation  involving  the  iHlands  of  Langerhans  are  appar- 
ently of  much  significance."  i^itty  degeneration,  tumors,  and  cysts  have 
been  found.  Extirx>atiou  of  the  pancreas  in  man  or  dogs  may  lea<l  to 
diattetes.  While  diabetes  may  occur  without  demonstrable  lesions  of  the 
pancreas,  it  is  fair  to  assume  that  functional  lesions  of  grave  importance 
may  nevertheless  be  present. 

Diabetes  mellif  ils  may  be  associated  with  hromacbromatosis  and  cirrho- 
sis of  the  liver — so-called  "bronzed  diabetes."' 

Under  the  influence  of  the  doctrine  of  internal  secretions  it  is  now 
commonly  assumed  that  the  pancreas  iu  addition  to  its  intestinal  secre- 
tion furnishes  other  substau<-es  to  the  body  which  are  essential  in  the 
metabolic  changes  to  which  the  carbohydrates  and  proteids  must  be  sub- 
jected in  securing  normal  mitrition.  Interference  with  this  internal  se- 
cretion of  the  pancreas  is  thus  assumed  to  be  accountable  for  the  faulty 
metabolism.' 

r.  Am.  Med.  Assn..  July 

t-  Opie.  "Disease  of  tlic  Pancret 
-ot*  Ofie.  lof.  HI.,  p,  2Sl. 
'Other  forms  of  glycosuria  are  known  which  arc  lo  Ik!  otherwise  accounted  for. 
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GOUT, 


The  characteristic  lesion  of  gout  is  the  preseuce  of  an  abnormal 
amount  of  uric  acid  in  the  blood  aud  the  deposit  of  urate  of  sodium  in 
the  articular  cartilages,  the  ligaments  of  the  joints,  the  ears,  aud  tlie 
syelids.  Inflammatory  changes  may  be  associated  with  the  deposits  in 
the  joints, 

The  most;  frequent  situation  of  the  gouty  deposit  is  the  metatarso- 
phalangeal joint  of  the  great  toe.  The  cartilage  may  be  infiltrated  or 
encrusted  with  the  deposit.  These  masses  of  urates,  often  called  "chalk- 
stones,"  may  appear  upon  the  surface  by  the  ulceration  of  the  skin. 

A  very  important  feature  of  gout  is  that  patients  with  the  goutj'  di- 
athesis are  especially  liable  to  derangements  of  digestion  and  to  certain 
chronic  inflammations,  such  as  chronic  inflammation  of  the  arteries,  the 
bronchi,  and  the  kidnej'S,  Cardiac  hypertrophy  may  be  associated  with 
the  arteriosclerosis.  The  interstitial  tissue,  especially  in  the  pyramids 
of  the  kidney,  may  be  infiltrated  with  the  urates. 

It  is  not  yet  clear  whether  the  accumulations  of  uric  acid  in  the  body 
in  gout  is  due  to  faulty  elimination  or  to  local  alterations  which  favor  its 
deposition.  T^ot  is  the  relationship  plain  of  local  inflammatory  processes 
to  the  gouty  deposits. 


Smf  STBOKE.    (Insolation  ;  Heat  Ezhanstion.) 

Persons  exposed  while  at  work  or  when  exhausted  to  the  sun  or  to 
high  temperatures  are  liable,  especially  if  of  intemperate  habits,  to  sud- 
den prostration,  often  assoclatetl  with  cardiac  failure,  asphyxia,  convul- 
sions, and  coma.     Death  in  many  cases  soon  ensues. 

After  death,  decomposition  sets  in  early  and  progresses  rapidly.  The 
blood  usually  remains  fluid. 

The  brain  and  its  membranes  are  iu  some  cases  congested,  in  others 
not.  There  may  be  an  increased  amount  of  serum  beneath  the  pia  mater, 
or  small  aud  thin  extravasations  of  blood  beneath  the  pia  mater  and  be- 
tween the  pia  and  dura  mater.  Chromatolysis  of  the  gaugliou  cells  has 
been  described  by  Van  Gieson'  and  others.  The  thoracic  and  abdominal 
viscera  may  be  congested ;  albuminous  degeneration  may  be  evident  in 
the  liver  and  kidneys. 

In  the  cases  in  which  cerebral  symptoms  are  protracted  for  a  number 
of  days  the  lesions  of  meningitis  have  been  found  after  death. 

According  to  Cramer,'  persons  surviving  for  some  time  the  first  severe 
efi'ects  of  the  heat  may  sufi'er  important  alterations  in  certain  nerve  fibres 
of  the  brain 

They  may  be  aseociat^d  with  lesioQs  of  the  nerToiis  eystem  or  induced  bj  the  actioii  of 
ccrtalQ  poisoDB,  pliloridzin -diabetes  for  e^tample.  or  may  occur  under  other  conditious. 

I  Van  IMemn,  "Toxic  Basia  of  Neural  Diseases, "  N.  Y,  State  Hospitals  Bulletin, 
vol.  i.,  p,  407,  1898;  also  Lambert,  Medical  News,  July  a4th,  1897. 

'  Vramer,  Centralblatt  fQr  allg.  Path.,  etc.,  Bd.  1.,  p.  185,  ISM. 
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8C0KBUTUS.    (Scurvy.) 


This  disease  appears  to  result  from  imperfect  nutrition  under  condi- 
tions which  cannot  be  considered  in  detail  here,  hut  which  is  usually  at- 
tributed to  insufficient  or  Inappropriate  diet.     The  lesious  are  variable, 
:  the  most  prominent  being  anemia;  extravasation  of  blood  in  the  skin, 

J  subcutaneous  tissue  and  muscles;  swelling  and  ulceration  and  bleeding 

C  of  the  gums.     Small  and  sometimes  extensive  hiemorrhages  are  apt  to 

^  occur  in  the  mucous  membranes  and  on  seroiLs  surfaces.     Small  ulcers 

J  may  form  in  the  mucous  membranes.     Fatty  degeneraton  of  the  heart, 

J  liver,  and  kidneys  is  not  uncommon.     The  spleen  may  be  lai^  and  soft. 

"J  No  constant  characteristic  changes  have  been  discovered,  either  in  the 

blood-vessels  or  the  blood,  which  would  satisfactorily  account  for  the  ex- 
travasations and  other  lesions. 
--  The  body  is  apt  to  decompose  early.     The  skin  may  be  mottled  with 

;     small  and  large  purple,  blue,  brown,  or  blackish  spots  produced  by  de- 
.     1    geuenitive  changa-i  in  the  extravasated  blood  in  the  cutis.     Sometimes 
^    ulcers  are  produced  by  the  perforation  of  effu.sed  blood  on  to  the  surfoce. 
The  joints  may  be  inflamed,  may  contain  serum  or  blood.     Harely  the 
j  hiemorrhages  are  followed  by  destruction  of  the  cartilages  and  ends  of 

JZ  the  bones.     Very  rarely  there  is  hiemorrhage  between  the  periosteum 

Lu  and  bone,  and  in  the  bone  itself,  producing  softening  and  destruction  of 

'-^  the  bone,  and  separation  of  the  epiphyses.  The  sternal  ends  of  the  ribs 
^  are  the  most  frequent  seat  of  this  change.  Albuminous  degeneration  of 
O  the  heart,  liver,  or  kidneys,  and  enlargement  of  the  spleen,  are  common. 
O  Infontile  Scorbntoe. — Infauts  (under  two  years)  may  develop  similar 

aueemia  and  tendency  to  htemorrhages.  The  most  common  location  of 
the  hfemorrhages  is  beneath  the  periosteum  of  the  bones  of  the  lower 
extremities,  especially  of  the  femora,  with  separation  of  the  lower  epiphy- 
ses. There  may  be  hfemorrhages  in  the  skin  and  subcutaneous  tissues, 
the  eyelids,  and  orbit,  and  in  the  internal  organs.  Hiemorrhagic  inflam- 
mation and  ulceration  of  the  gums  are  usually  limited  to  infants  having 
teeth  and  to  portions  of  the  jaw  in  which  teeth  are  apparent  or  just 
about  to  come  into  view.' 

That  some  forms  or  phases  of  scorbutus  are  of  infections  nature  is 
not  improbable,  but  definite  data  in  tlii.s  direction  are  wanting. 

A0R0HEOAI.IA. 

This  rare  disease  is  especially  marked  by  an  overgrowth  of  the  ter- 
minal portions  of  the  extremities  and  of  the  bones  of  the  face.'     But 

'  For  a  stu<ly  of  scorbutus  in  infanta.  "Barlow's  DlBcase,"  which  was  fimt  recog- 
nized in  the  United  States  by  Northrup,  consult  Xorlhrivp  nnd  Crandall,  New  York 
Med.  Jour.,  May  26th,  1894. 

See  also  The  American  Pediatric  Society's  Collective  Investigation  on  Infantile 
Scurvy  in  North  America.  Trens.  Amer.  Ped.  Soc.,  vol.  x.,  1898,  p.  6. 

For  a  study  of  histolojrical  changes  consult  JacobiiluU,  Ziegler's  Beitr.  z.  path. 
Anat.,  Bd.  xxvii.,  p.  173,  t(HK). 

'Crural  cases  have  been  described  Id  wliich  there  was  enlargement  of  the  hands 
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there  may  be  a  general  involvement  of  the  skeleton.  This  excessive 
growth  ia  in  the  diameter  rather  than  in  the  length  of  the  bones,  and  is 
accompanied  by  local  exostoses.  Equally  important  and  common  is  a 
general  h  j-perplasia  of  the  connective  tissue  of  the  body.  Various  lesions 
of  the  thyroid  have  been  described,  but  they  are  not  constant.  The  thy- 
mus may  be  persistent ;  there  may  be  fibrous- tissue  formation  in  the  walls 
of  the  vessels  and  in  the  sympathetic  ganglia.  The  skin  is  often  pig- 
mented. Many  visceral  lesions  have  been  described.  The  most  con- 
stant lesion  which  appears  to  bear  upon  the  etiology  of  acromegalia  is 
that  of  the  pituitary.  Tliis  in  many  cases  has  been  found  to  be  the  seat 
of  lesions,  most  frequently  an  hyperplasia  or  adenomatous  growth  in  the 
prehypophysis.  While  sarcoma  of  the  pituitary  has  been  described  in 
acromegaly,  it  seems  not  unlikely  that  hyperplasia  has,  in  most  ca.ses  at 
least,  been  mistaken  for  this  tumor.  It  is  believed  that  the  hyperplastic 
hypophysis  is  iu  some  way  concerned  in  inducing  the  nutritional  abnor- 
malities' leading  to  the  general  overgrowth  of  connective  tissue  and 
bone.' 

FU&PtraiA.    (Purpura  Hcemorrliagica.) 

This  name  is  applieil  to  a  variety  of  conditions  in  which  extravasa- 
tions of  blood  are  present  in  the  skin  or  the  mucous  and  serous  mem- 
branes. 

Hieniorrhages,  particularly  from  the  mucous  membranes,  may  be 
severe  and  e\-en  fatal.  This  condition  is  often  called  purpura  hfemor- 
rhagica. 

The  ecchymoses  characteristic  of  purpura  may  occur  as  a  result  of 
poisoning  with  certain  drugs,  and  with  snake  venom ;  in  ^'arious  cachectic 
conditions;  iu  diseases  of  the  nervous  system ;  in  rheumatism;  in  gastro- 
intestinal disorders,  especially  of  children.  The  local  ecchymoses  in 
pyiemia  are  sometimes  classed  as  a  form  of  purpura,  and  in  these  bac- 
teria, especially  the  pyogenic  forms,  may  be  demonstrable.' 

LTUPHATIC   CONSTITUTION.    (Conatitutio  Iiympbatica  ;   Status 
Lymphaticus.) 

Attention  has  been  recently  called  to  a  series  of  cases,  especially  in 
the  young  and  in  connection  with  sudden  death,  in  which  there  was  gen- 
eral hyperplasia  of  the  lymph-nodes,  spleen,  and  thymus,  with  hypo- 
plasia of  the  heart  and  aorta,  and  often  with  rickets. 

tic  long  boQca,  without  involvement  of  tbe  boui-fl  of  the 
wy  follow  syphilitic  infeciion.  Its  frequent  sssocialion  with 
piilnioDary  Icsiona  has  led  to  the  dcsignatioQ  hyperirophie  pulmonary  arthrapa'liy.  Bee 
siuily  and  bibl.  by  Th.  Janeieay.  Am.  Jour.  Med.  8ci.,  vol.  cxxvi,,  1903,  p,  5»J3. 

■Successful  extirpatJOD  of  the  hypophysis  in  animals  by  FrietlemanD  and  Slaas,  re- 
cently made,  did  not  lead  to  acromegaly.  Sl-c  Berliner  klin.  Woclienschr.,  December 
24th,  1900. 

'  For  an  excellent  resume  of  acromegalia,  with  cases  and  bibliography,  sec  lii'eok*. 
"Archives  of  Neurology  and  Psychopathologv,  vol.  I.,  p.  4tW.  1898. 

'For  a  more  detailed  consideration  in  tlie  light  of  recent  studies  of  cases  often 
grouped  nnder  the  name  "  Hiemorrliagic  Infections."  consult  I/onl.  Lubarsch  and  Oeter- 
tag's  "Ergebnis.se  der  allg.  Aetiologic,"  Jahrg,  i.,  Ab.  1,  p.  "93,  bibliography. 
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Hypoplasia  of  ike  heart  and  aotia  is  apparently  a  congenital  defect,  and 
vbile  not  limited  to  well-defined  cases  of  lymphatic  constitution,  appears 
in  this  connection  and  when  occurring  alone  to  mark  a  notewoi-thy  lack 
of  resistance  on  the  part  of  the  organism  to  various  forms  of  injury,  in- 
fection, etc. 

Lymph -Nodes  and  Nodules. — The  pharyngeal,  thoracic,  and  abdominal 
lymph-nodes  are  most  frequently  involved  in  hyperplasia,  the  new  cells 


r  LTHPHOID  TISSUE  or  TM  IMTEHTIlit  IN  THE  BTATVS  LYMPHATIC  IS. 

often  infiltrating  the  surrounding  tissue.  There  may  be  hyperplasia  of 
the  tonsils,  of  the  cervical,  mediastinal,  axillary,  and  abdominal  lymph- 
nodes,  as  well  as  of  the  lymphatic  tissue  of  the  gastro- intestinal  canal 
<Fig.  202). 

The  thymus  may  be  congested  and  large  and  soft  from  hyperplasia. 
It  sometimes  evidently  exerts  such  pressure  on  the  adjacent  bronchi  and 
large  vessels  as  to  lead  to  death. 

The  spleen  may  be  moderately  enlarged  fi-oni  hyperplasia,  esi>eoially 
of  the  lymphoid  tissue  of  the  Malpighian  bodies,  and  it  may  l>e  con- 
gested. ' 

d  lis  rel&tioDship  to  siidtU'D  death. 
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SPECIAL  PATHOLOOT. 
Oeneral  ConBiderationa. 

We  have  aow  completed  the  study  of  those  fundamental  processes 
and  structural  alteratious  which  aro  embraced  in  general  pathology. 
These  have  been  considered  without  reference  to  special  regions  or  organs 
of  the  body.  We  now  enter  upon  the  study  of  these  pathological  proc- 
esses and  their  associated  lesions  as  they  are  modified  by  the  special  con- 
ditions and  characteristic  structure  of  one  and  another  of  the  tissues  or 
oi^ns  or  r^ions  of  the  body.  It  is  clear  that  both  the  disease  processes 
and  the  structural  alterations  with  which  these  are  associated  may  be 
modified  by  the  functional  and  strnctural  peculiarities  of  the  affected 
organ.  Thus  while  degeueration,  regeneration,  inflammation,  etc.,  may 
be  fundamentally  similar,  for  example,  in  liver,  kidney,  and  nerve,  they 
may  present  sufficient  variation  in  one  or  another  of  these  parts  to  re> 
quire  a  separate  consideration  and  even  s  special  nomenclature.  We 
shall  have  occasion  to  call  attention  now  and  then  to  those  functional 
and  structural  characteristics  of  the  organs  which  often  throw  much  light 
upon  their  mode  of  response  to  the  various  excitants  of  disease. 

It  is  well,  on  the  other  band,  to  remember  that  there  are  in  all  the 
oi^ans  and  in  mtftt  parts  of  the  body  certain  elementary  structures,  such 
as  connective  tissue,  blood-  and  lymph- vessels,  and  nerves,  whose  lesions 
are  quite  similar  wherever  they  may  be.  So  that  many  forms  of  lesion 
involving  these  structures,  while  of  varying  significance  to  the  organism, 
differ  in  the  various  parts  of  the  body  chiefly  in  distribution  or  topo- 
graphy. 
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CHAPTER  I. 

THE    BLOOD    AND    THE    BLOOD-FORMINO    ORGANS.' 

Chai^eB  in  the  Composition  and  Structure  of 
the  Blood. 

The  CoagoUbility  of  the  Blood  and  the  characters  of  the  resulting 
clot  vary  widely,  depending  partly  upon  the  composition  of  the  blood  and 
partly  upon  the  conditions  under  which  the  coagulation  occurs.  There 
may  be  very  little  coagulation  of  the  blood  in  death  from  suffocation,  or 
from  conditions  which  interfere  with  the  aeration  of  the  blood  and  per- 
mit the  accumulation  of  carbonic  acid  within  it.  Thus,  in  death  from 
strangulation  or  drowning,  many  chronic  diseases,  scurvy,  and  under 
many  conditions  which  we  do  not  understand,  the  blood  may  remain 
fluid,  or  nearly  so,  after  death.  On  the  other  hand,  iu  a  variety  of  in- 
fections diseases,  such  as  rheumatism,  pnenmonia,  etc.,  very  voluminous 
clots  may  be  formed,  although  this  is  by  no  means  constantly  the  case. 
The  fact  that  large  clots  form  after  death  is  not  conclusive  evidence  that 
an  uudne  amount  of  fibrin-forming  elements  was  present  iu  the  blood, 
□or  does  the  absence  of  marked  coagtilatloa  prove  a  diminution  in  the 
blood  of  fibrin-forming  elements. 

The  composition  of  the  clot  varies  with  the  rapidity  of  its  formation 
and  with  the  specific  gravity  of  the  plasma.  Clots  very  rapidly  formed 
iu  plasma  of  high  specific  gra\-ity,  or  in  still  slowly  circulating  blood, 
are  apt  to  be  dark  red,  from  admixture  of  red  cells  and  fibrin.  After 
complete  failure  of  circulation,  especially  iu  plasma  of  low  specific  grav- 
ity, the  red  cells  tend  to  settle  to  dependent  vessels.  Yellowish -white 
succulent  clots  then  form  in  the  clear  supernatant  plasma,  while  soft 
black  clotfl  result  from  the  excess  of  red  cells  collected  in  the  dependent 
vessels.  From  a  ciiuical  point  of  view  it  is  important  to  note  that  iu 
jaundice  the  coagulability  of  the  blood  is  greatly  reduced. 

The  Alkalinity  of  the  Blood.— This  varies  in  health  and  to  a  greater 
extent  in  disease,  this  variation  being  parallel  with  the  fluctuations  in  con- 
centration and  albumen  content.  Diminution  in  the  alkalinity  of  the 
blood  is  seen  in  severe  aneemia  and  in  diabetes.  Increase  has  been  noted 
in  catarrhal  jaundice.  In  fever  the  variations  are  marked;  they  may 
be  above  or  below  normal,  but  a  constant  chauge  has  not  been  observed. 

Anbydreeioia — the  condition  in  which  the  blood  contains  an  excessive 
proportion  of  albumen,  cells,  and  other  solid  elements — occurs  in  dis- 
eases associated  with  excessive  serous  dischai^es  from  the  intestines.  It 
is  extreme  in  some  cases  of  cholera,  and  has  been  noted  iu  a  lesser  degree 
in  other  infections  diseases,  as  pneumonia  and  diphtheria. 
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Hydrsmis  is  that  conditiou  in  which  the  blood  contaiDS  a  lai^e  amount 
of  water  in  proportiou  to  the  solid  ingredients.  It  occurs  in  a  variety 
of  diseases  of  the  heart,  lungs,  liver,  and  kidneys,  and  characterizes  all 
forms  of  aniemia. 

Hffinu^lobiiUBmia. — Owing  to  the  destruction  of  red  blood  cells  in  some 
forms  of  iKtisouing,  burning,  etc.,  the  blood  plasma  may  contain  free 
htemoglobin,  by  which  it  is  discolored  {hmnoglobinesmia),  or  it  may  be 
stained  from  the  absorption  of  bile  pigment. 

The  blood  may  be  actually  increasetl  in  volume  (plethora),  either  by 
an  increase  in  fluids  or  in  cells,  or  by  simultaneous  and  proportionate 
increase  of  both  fluid  and  cellular  elements. 

Ansmia. — In  general,' auiemia  means  a  diminished  quantity  of  blood 
or  of  red  blood  cells  in  the  vessels  of  the  whole  or  any  part  of  the  body. 
With  one  exception — mild  chlorosis— it  is  invariably  characterized  by  a 
redaction  ill  number  and  change  in  form  of  the  red  cells  (oligocythEcmia), 
and  by  diminished  alkalinity  and  coagulability.  It  is  always  associated 
with  a  reduction  iu  specific  gravity,  bierooglobin,  and  in  solid  elements. 
Hydrsemia  and  an  increased  tendency  toward  osmosis  are  cqnally  con- 
stant features  of  this  condition.  The  albumens  remaining  iu  the  serum 
after  coagulation  are  very  slightly  diminished  in  anemia. 

Generally  si)eaking,  ameniia  is  produced  by  excessive  hsematolysis, 
or  by  defective  htematogenesis,  or  by  actual  loss  of  blood,  in  hulk  (htera- 
orrliage),  or  in  its  fluid  ingredients  (transudation). 

Aueemia  may  he  secondary  to  hfemorrhage,  to  exudative  processes,  to 
prolonged  malnutrition,  to  chronic  organic  diseases  of  many  kinds,  to 
the  action  of  poisons,  to  congenital  hypoplasia  of  heart  and  arteries,  to 
functional  disturbances  of  an  unknown  nature  in  the  blood-forming 
oi^ns,  and  to  wholly  unknown  causes.  Simple  atrophic  changes  In 
many  tissues,  hypertrophy  of  the  red  mairow,  lymph-nodes,  spleen,  liver, 
and  thymus,  fatty  degeneration  of  the  liver,  kidneys,  heart,  and  blood- 
vcssftls,  with  capillary  btemorrhages  and  transudations,  are  frequent  ac- 
companiments of  severe  ansemia. 

ALTERATIOKB  IN  THE  RBD  BLOOD  CELLS. 

These  may  be  diminished  in  number  and  may  undergo  various 
changes  iu  shape  and  size  and  strnctnre. 

Alteration  is  Numbbe  of  the  Red  Blood  Cells. 

Oligocytiuemia  is  that  condition  of  the  blood  in  which  the  number  of 
the  red  cells  is  reduced.  This  reduction  in  number  may  he  temporary, 
as  after  hfemorrhage,  or  it  may  be  persistent,  as  in  some  forms  of  anie- 
mia. The  number  of  red  blood  cells  may  in  extreme  cases  of  antemia  be 
reduced  to  one-tenth  of  the  normal,  or  even  less;  that  is.  from  the  nor- 
mal namber,  which  is  between  four  and  five  million,  there  may  be  a  re- 
daction to  half  a  million  or  less. 
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A  persistent  dimiuiitiou  iu  the  number  of  red  cells  may  be  effected 
either  by  increased  destnictiOD  {h(Bmaioly»is)  or  by  defective  formation 
{hcematogeTiem)  of  these  elements,  but  the  relation  of  the  two  factors  in 
the  production  of  the  chronic  anaemias  is  as  yet  imperfectly  determined. 

Excessive  h^matolysis  oecnrs  after  bnrns,  is  the  resnlt  of 
poisoning  by  arsenic,  phosphorus,  and  chlorates,  pfaenylhydrazin, 
nitrobenzol,  acetauilid,  etc.,  and  may  occur  in  infections  diseases 
through  the  action  of  bacterial  toxins.  All  stages  of  a  peculiar  de- 
struction of  red  blood  cells  may  readily  be  followed  iu  the  blood  in 
malaria.  In  chronic  infectious  diseases,  prolonged  suppuration,  and  in 
the  cachexia  attending  malignant  new  growths,  destruction  of  red  cells 
is  probably  effected,  in  part,  by  toxic  agents  circulating  in  the  blood. 
In  pernicious  ansemia  the  condition  of  the  blood  may,  with  considerable 
certainty,  be  referred  lai^ly  to  a  destruction  of  red  cells  by  some  un- 
identified toxic  material  in  the  blood. 

In  the  process  of  destruction  of  the  red  cells,  especially  if  rapid, 
fasemoglobin  may  be  separated  from  the  cells,  dissolved  in  the  plasma 
(htemoglobiiismia),  and  may  then  be  excreted  unchanged  iu  the  urine 
(hremoglobinuria). 

The  gradual  and  more  common  form  of  destruction  of  red  cells  is 
attended  with  an  alteration  of  the  hiemoglobin,  effected  chiefly  iu  the 
liver,  and  with  its  deposit  iu  the  endothelial  and  glandular  cells  of  vari- 
ous organs,  especially  in  the  liver,  spleen,  kidneys,  bone  marrow,  and 
secondarily  in  any  of  the  tissues. 

A  part  of  the  altered  hsenioglobin  is  to  be  found  iu  the  form  of  pig- 
ment granules,  or  as  a  dift'use  deposit,  in  the  cells  of  the  above-named 
oi^ans,  where  its  coutent  of  iron  may  or  may  not  be  demonstrable  by 
uiicrochemical  tests  (hwmosiderin').  Another  product  of  the  htemoglo- 
bin,  not  containing  iron,  may  be  fonnd  in  the  same  situations,  in  the 
forms  of  granules  or  crystals  (beematoidin).  Finally,  the  derivatives  of 
haemoglobin  are  excreted  largely  in  the  form  of  normal  or  pathological 
■  urinary  pigment.  The  remaining  fragments  and  stroma  of  the  red  cells 
are  soon  removed  from  the  circulation  largely  by  leucocytes,  and  partly 
by  endothelial  cells  and  giant  cells,  in  the  liver,  spleen,  and  marrow. 

Defective  h.ematogekesis  must  be  regarded  as  a  cause  of  such  an- 
temias  as  are  associated  with  pathological  changes  in  the  bone  marrow 
(pernicious  aueemia),  and  in  the  lymph-nodes,  spleen,  and  liver  (leukfe- 
mia).  This  too  is  probably  the  chief  cause  of  the  anaemia  following 
prolonged  malnutrition  (secondary  auiemia).  The  pathological  changes 
in  the  blood -producing  organs  may  sometimes  arise  as  piimary  diseases 
of  these  oi^ns,  or  similar  changes  may  be  secondary  to  excessive  de- 
mands for  the  regeneration  of  the  blood.  In  mild  grades  of  aiuemia  the 
regeneration  of  the  blood  is  attended  with  an  hyperplasia  of  the  red 
marrow,  which  replaces  the  yellow  marrow  of  the  long  bones.  The  chief 
defect  in  the  pi"oduction  of  red  cells  may  then  be  a  deficiency  iu  hfemo- 
globin  (chlorosis).     In  severe  and  prolonged  aniemia,  under  the  influ- 
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euce  of  toxic  agents  iii  the  blood,  the  reproduction  of  cells  may  be  iu- 
sufficieut,  and  these  new  cells  may  be  more  susceptible  to  the  action  of 
the  toxic  agent,  which  is  itself  the  cauae  of  their  structural  defects.  In 
such  cases  the  normoblasts  of  the  marrow  may  be  produced  iu  very 
large  numbei's  and  form  red  cells  of  uormal  or  slightly  diminished  size, 
or  they  may  be  replaced  by  very  large  nucleated  red  cells  {megalobUiMii) ; 
from  these  are  developed  very  la^e  red  cells  which  are  comparatively 
incapable  of  the  functions  of  the  normal  cell.  The  megaloblastic  form 
of  regeneratioD  is  confined  to  the  antemia  of  a  pernicious  type,  with  the 
exception  of  the  parasitic  aneemias  due  to  the  Auchylostoma  and  Bothrio- 
cephalus. 

Alterations  in  Morphology  of  the  Red  Blood  Cells. 

In  mild  forms  of  antemia,  the  red  cells  are  deficient  in  htemoglobin,  the 
blood  may  be  pale  or  watery  in  appearance,  and  the  cells  appear  iu  the 
fresh  condition  as  very  pale  discs  or  as  slightly  refractive  rings  enclosing 
a  nearly  colorless  central  mass.  In  dry  preparations  stained  with  eosin, 
such  cells  may  show  only  a  narrow  red  ring  surrounding  a  central  por- 
tion which  is  entirely  devoid  of  htemoglobiu.  In  this  grade  of  aneemia 
there  may  be  noted  moderate  differences  in  size  and  irregularities  iu 
shape  of  the  red  cells.  la  .severe  antemia,  under  a  variety  of  conditions, 
as  after  certain  forms  of  poisoning,  extensive  burns,  etc.,  varying  num- 
bers of  very  small  red  cells  are  seen,  called  inicioct/les.  They  are  sphe- 
roidal or  irregular  in  shape,  may  be  excessively  minute,  and  their  hsemo- 
globin  is  either  increased,  normal,  or  diminished.  Under  similar 
conditions,  a  variety  of  bizarre  forms  of  red  cells  are  found,  called  poiki- 
Iwytes.  In  very  severe  aniemia  verj-  large  red  cells  occur  in  considei^able 
numbers.  These  cells,  called  viegalocytcs,  are  deri\ed  from  the  large 
nucleated  red  cells  of  the  marrow,  and  their  appearance  in  the  blood  in- 
dicates the  early  onset  or  actual  establishment  of  some  form  of  progres- 
sive autemia  (see  Plate  H,,  Fig.  3). 

Amoeboid  movement  of  megaioej-tes  has  t)een  observed  iu  specimens 
examined  on  a  warm  stage  from  the  blood  of  pernicious  aueemia.  The 
tendency  of  the  red  cells  to  form  rouleaux  is  much  diminished  or  absent 
in  very  grave  antemia. 

Not  infrequently  a  loss  of  haemoglobin  is  as.sociated  with  a  change  in 
the  stroma  of  the  cell,  so  that  the  mass  stains  slightly  with  methylene 
blue.  To  this  change  the  name  of  aniemic  or  polychromatophilic  degen- 
eration has  been  given,  and  it  is  thought  to  show  a  more  or  less  com- 
plete coagulation  necrosis  by  which  change  the  protoplasm  of  the  red  cell 
becomes  more  basophilic'  in  its  staining  reaction.  Instead  of  a  uniform 
loss  of  btemc^Iobin  this  constituent  of  the  cell  may  be  condensed  iu  the 

'  It  is  couvenicnt  to  classify  the  dyes  used  id  stabiug  into  the  acid,  the  ceutral,  and 
the  basic,  aod  to  designate  cells.  Id  acconlance  wiili  the  relative  pcraisteucy  with  which 
Ihev  liold  these  dves,  as  neutrophile.  acidophile,  or  baaophile. 
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Description  of  Plate  II. 
All  tli«  Bpedmens  are  Stained  with  Eosin  and  Methyleue-Aznre. 

Fia.  1.  Normal  Blood.— Tbe  red  cells  *re  oearir  uniform  In  aiie  and  shape.  Tbe  tuemcisloblii  1g 
fairly  evenly  djalributed,  but  Is  glljtblty  more  denae  near  Ibe  perlpbery  tlian  at  Uie  c«Qtre.  espei-taliy  la 
UwK  eellB  whicb  bave  drlei]  alowly.  In  rapidly  diit^  red  cella  tbe  mbId  Ib  even  ibrougboul.  Tu  tbe  left  Is 
B  lympbocyle  with  reddleli.  deeply  sislned  aucleiu  and  a  pale  blulab  c«ll  body,  vbieh  la  uanvw  In  propor- 
Uan  U>  tbe  size  of  Ibe  nucleus.  To  the  right  la  a  gmall  lyuiphwyte.  amnller  than  ihe  red  rellg  wblrh  aur- 
niund  It,  wllb  a  deeply  eUlned  nueleus  and  a  narrow  oell  body  from  which  prujecis  a  small  Diass  of  proto- 
plasm. Ai  the  upper  portion  of  Uie  HRure  li  a  large  oval  cell  whieh  correaponda  to  tie  Urire  mononuclear 
F«ll  of  Ehnlch.  but  cOQsldFred  by  many  equivalent  to  u  lar^e  lymphocyte.  In  the  centre  of  Ihe  drawing  la 
a  cell  with  a  lobed  nueleus  and  purplish  KT^nules  by  which  this  basopblle  cell  Is  dlatlupilahed  from  the  ueu- 
Imphlle  Junt  belon  It  ahd  from  the  eonloopblle  Id  the  right  loner  quadrant.  Two  neutrophlle  cella  am 
shown,  one  with  abuudnnt  Hue  granules,  the  other  showing  a  smaller  number;  both  types  being  abun- 
dantly pregeDl  In  normal  blood.  To  tiie  right  la  a  aniall  cluster  of  bliHHl  plates,  some  of  which  ahoH  darker 
slalnlng  masses  near  the  centre  which  are  presumed  by  aome  observers  to  be  nuclear  remains,  by  others  lo 
be  trasmeots  ot  btemogloblo.  The  eosloopblle  cell  In  the  lower  riKht-hand  quadrant  Is  distinguished  from 
the  neulrophlie  by  the  maiBencBS  of  lis  (rranules.  which  are  shol-llte  and  quite  regular  In  form,  though  not 
all  the  granules  are  ot  the  same  size.  Tbey  often  take  a  much  more  brllllaDl  red  color  than  tbe  ueinro- 
phlles. 

Fio,  a.  CHtORoeiB.— The  blood  was  obtained  from  a  young  woman  of  twenty-two  yearn,  wbo  bad 
3,Caa,«IO  red  cella  and  30  per  cent  of  beemogiobin.  Tbe  rvd  cells  are  about  of  the  same  size  as  those  In  nor- 
mal blood,  but  Bbow  a  greatly  dlmtnlshwl  amonnt  of  hiemoglobln  to  the  Individual  cell  as  evidenced  by  the , 
much  tarn  ter  staining  of  a  number  of  cells  In  the  plate  whlcb  appear  merely  as  remnants.  Someof  the  cells' 
hare  assumed  Irregular  shapes  and  are  known  as  polkllocytes.  In  the  left  upper  quadrant  are  three  forms 
ntbich  may  be  considered  as  palhologlcsl  In  circulating  blood.  Below,  to  the  left.  Is  a  purplish-red  cell 
ntber  deeply  stained,  showing  polycbrouialopliilia.  To  Ihe  right  ot  this  cell  and  sepantled  from  it  by  a 
Duclealad  red  cell  of  normoblastic  type  ia  a  cell  showing  granular  degeneration. 

Fig.  S,  Seconpary  An£uia.— The  blood  was  obtained  from  a  case  of  carcinoma  at  theatomach  In 
Which  the  red  cells  were  reduced  to  l.SOO.OW:  the  hemoglobin  was  23  per  cepti  lUe  leucocytes,  30.000. 
The  changes  Id  tbe  red  cells  are  much  the  same  aa  tlinse  noted  in  the  chlorotic  plate.   There  Is  marked  dim- 

cbromalophllia.    Two  nucleated  red  cells  ere  present,  one  in  (lie  upper  right,  the  other  In  the  lower  left- 
hand  quadrant.    Both  show  degenerative  changes  In  the  nuclei,  which  should  not  be  mistaken  for  mitotic 
le  polynuclear  neutropliiles  are  notably  Increased. 
78  As^MTi.— The  blood  was  obtained  from  a  case  showing  *00,IXKI  red  cell*,  10  per 

IB  In  size,  shape,  and  staining  properties  ot  Ihe  red  cells.  The  leucocytes  are  usually  diuiinished 
In  numtier  and  show  no  characlertallc  changes,  with  the  exception  of  a  relative  Increase  In  Ihe  lympho- 
cytes. The  various  typts  of  deformation  of  the  red  cells  are  very  well  noted  In  the  various  polkllocyles  In 
the  sketch,  some  ot  which  contain  large  quantltlea  o(  hemoglobin,  others  a  diminished  amount.  In  Ibe  red 
cells  approaching  more  nearly  to  the  normal  form  It  will  be  immediately  noied  that  tbe  amuuDI  ot  hemo- 
globin present  as  evidenced  by  the  depth  of  stain  Is  relatively  large.  The  cell  In  the  centre  of  the  field,  for 
eiample,  stains  a  great  deal  man  deeply  than  any  normal  cell.    These  deeply  staining  cells  are  also  very 

the  blood  of  pernicious  ancemia,  in  coutrast  to  the  microcytic  type  ot  cell  usually  found  In  the  secondary 

ot  each  cell  that  gives  rise  to  the  high  relative  heemoglobln  index  at  the  blood  ot  pernicious  amtmla.  A 
nonnal-slied  cell  showing  marked  polychromalophllla  ia  seen  above ;  a  macrocyle  with  granular  degenera. 
tlun  Is  seen  below  it,  and  a  normal-sized  red  cell  with  nucleus,  or  Dannablasl.  In  tbe  lower  left  quadrant 
is  a  large  erythrocyte  with  a  lar^e  nucleus  with  line  chromatin  network.  The  cell  body  takes  onacomhi- 
nalion  of  the  blue  and  pink  of  the  stain;  In  other  words.  Is  polychromalophillc.  Below  It  la  a  normal 
lympbocyte.  In  the  lower  right  quadrant  are  two  other  megaloblaats  showing  a  aUghtly  different  morphol- 
ogy and  with  an  artbochromatle  protoplasm  :  tbal  is,  the  cell  body  takes  the  eoain  alone.  The  upper  cell 
shows  a  dense  nucleus  with  thick  strands  or  chromeUn  tonuing  a  netvrork.    In  the  lower  Ihe  chromatin 

FiQ.  6.  CRRdNTC  Ltuphattc  Lil'k.ciiia.— The  blood  ot  this  case  showed  3,50;).OaO  red  cells.  160,000 
leucocytes,  and  .W  per  cent  ot  hemoglobin.  Ot  tbe  leucocytes  9S  per  cent  were  lymphocytes.  II  will  be 
noted  from  the  drawing  that  Ihe  red  cells  are  practically  normal  in  size  and  shape.  Tbe  abundance  and 
variety  ot  Ibe  lymphocytes  will  be  noted  immediate 
In  tbe  lower  right  quadrant  ot  the  upper  pan  Is  a  w 
erat«d  lymphocyte.    In  the  acute  forms  ot  lymphatic  leukemia  these  cells  become  exceedingly  abundant. 

tia.  S.  HTELOdENOCS  Lei-kj^uia.— The  blond  ot  this  case  showed  1.000,000  red  cells.  W  per  cent 
hasmoglobiD,  and  1,200,(100  leui-ocytes,  the  exact  propMlions  of  which  could  not  be  determined  on  aci-ount 
ot  the  large  number  of  Irregular  and  degenerated  tonus,  but  myelocyies  and  basophlles  were  very  abun- 
dant. In  Ihe  upper  lell  quadrant  can  be  seen  an  eosln(q>hl1e  myelocyte  wllb  a  single  oval  nucleus  and 
large  shot-like  granules.  Below  It  are  a  nonnoblast  wllb  granular  degeneration  of  the  protoplasm  and  a 
polymorphonuclear  Deulrophlle  with  One  granules.  In  the  lower  left  quadrant  can  be  seen  a  large  degen- 
erated neutrophlle  myelocyte  In  which  the  granules  have  become  scattered  over  the  slide  In  the  process  of 

IwlymiirtMionuclear  neutrophlle  and  a  lympbocyle,  and  above  an  eoslnuphile  myelocyte.  In  tbe  upper  right 
quadrant,  beginning  at  the  left,  can  be  seen  a  small  basophlle  cell  with  Faintly  staining  nucleus ;  (o  the 
right  two  myelocytes,  one  with  deeply  staining  nucleua.  the  other  somewhat  Fainter,  both  containing 
neutrophlle  granules.  To  the  right  a  normoblast  with  pyknotic  nucleus,  and  still  further  to  the  right,  a 
so-called  basket  cell  or  degenerated  myelocyte. 
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Fig;.  I.  Noraial  Blood. 
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Pig.  3.  Secondary  Anaemia. 
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Pig.  4.  Pernicious  Anaemia. 


Fig.  5,  Chronic  lymphatic  LeukaemU.  Pig.  6.   Myelogenous  Leukaemia. 

Changes  in  the  Morphology  of  the  Bhwd. 

(MapliBed  900  DUmeten)  u*.  taB.  r. «,  A.  tmrt.,  i-i|.u«. 


Digitized  byGoOgle 


THE  BLOOD  AND  THE  BLOOD-FOBHiyG  GROANS.  377 

form  of  small  grannies  occupying  the  cell  body  and  staiuing  more  deeply 
witli  methylene  blue  than  do  normal  cells  (granular  degeneration). 

It  should  be  remembered  that  during  the  manipulations  required  in 
makiug  dried  specimens  the  red  cells  may  sufler  a  variety  of  artificial 
changes,  many  of  which  are  very  confusing. 

Xucleated  red  blood  celh  are  found  in  the  blood  iuall  forms  of  ansemia, 
and  their  appearance  indicates  regeuerative  activity  on  the  part  of  the 
blood -producing  oi^ns.  Their  presence  in  the  blood,  though  at  all 
periods  of  extra-uterine  life  abnormal,  may  usually  be  regarded  as  of 
favorable  import  in  disease.  Within  a  few  hours  after  severe  hiemor- 
rhi^  nucleated  red  cells  may  be  noted  iu  considerable  numbers.'  Dur- 
ing the  regeneration  of  the  blood  iu  amemia,  the  occurrence  of  nucleated 
red  cells  is  nearly  constant,  but  subject  to  rather  suddeu  periodical  vari- 
atioiui  sometimes  called  "blood  crises."  Iu  favorable  cases  of  ansemia 
nucleated  red  cells  of  nonnal  sdze  only  (normobla^)  (Plate  JL,  Figs. 
2  and  3)  are  seen,  whose  compact,  darkly  staining  nucleus  may  be  foand 
either  in  the  centre  of  the  cell  or  slightly  protruding  from  the  periphery ; 
or,  nuclei  apparently  quite  extruded  from  the  cell  may  be  found  free  in 
the  plasma. 

In  severe  ansemia  attended  with  an  abnormal  type  of  blood  formation, 
very  large  nucleated  red  cells  (megaloblaata)  (Plate  H.,  Fig.  4)  appear 
in  varj-ing  numbers.  The  protoplasm  of  these  cells  often  shows  an  ex- 
cess of  hemoglobin,  but  frequently  the  purple  stain  produced  by  a  com- 
bination of  the  eosin  and  methylene  blue  indicates  an  altered  form  of 
htemoglobin,  or  very  fine  basophilc  granules  may  be  demonstrated  by 
treatment  with  methylene  blue.  The  nuclei  of  the  megaloblasts  may  be 
single  aud  compact,  or  a  single  lai^e  nucleiis  may  show  stages  of  direct 
division,  or  in  extremely  lai^  cells  {ffiffUiUoblaian)  the  nuclei  may  present 
phases  of  mitosis. 

ai'tbbation's  ds  the  white  blood  cells. 
Thk  Leucocytes  of  Xoemal  Bi-ood. 

The  leucocytes  of  normal  blood  may  be  classified  according  to  their 
place  of  origin,  or  by  the  character  of  their  nuclei,  or  by  the  reac- 
tion of  the  granules  in  their  protoplasm  to  certain  dyeJi.  The  most  ser- 
viceable classification  isthat  based  both  upon  the  character  of  the  nucleus 
and  upon  the  reaction  of  the  protoplasm  to  dyes,  according  to  which  we 
may  distinguish  in  normal  blood  the  following  forms  (see  Plate  IL, 
Fig.  1): 

1.  LYMPHocYTti!.  small  leucocytes  of  about  the  size  of  red  cells  or 
lanrer,  with  a  single  compact,  deepiy  staining  nucleus,  surrounded  by  a 

'  Tlie  appearance  of  DUcleaUd  red  cells  and  abnormal  forms  has  licrn  frequently 
noted  in  lliose  who  have  recf^tlv  arrived  in  mountainous  regions,  the  proliahle  explana- 
tion belnp  ilial  the  lowered  oxygeo  tension  of  the  rarefied  air  demands  a  larger  amount 
of  bwnioglobin  to  supply  the  wants  of  the  tissues,  with  the  result  that  for  a  short  lime 
immature  red  cells  are  9<.'t  tree  from  the  bone  marrow. 
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thin  rim  of  homogeneous  protoplasui^  The  cell  body  usually  possesses  a 
stronger  basophilic  reaction  thau  the  nucleus,  so  that  la  stainiug  with 
methylene  blue  the  uueleus  shows  as  a  pale  spot  iu  the  ceutre  of  the  dark 
ring  of  the  cell  body.  This  ring  is  often  ragged  in  its  outline  and  may 
show  distinct  projections  which  are  sometimeseast  off  into  the  circulating 
blood.  Large  and  small  lymphocytes  may  be  distinguished  (Plate  II., 
Fig.  5). 

2.  Large  Mosonuclear  Leucocytes,  with  a  single,  compact  or 
vesicular,  rather  faintly  staining  nucleus  and  a  relati^'ely  large  amount 
of  protoplasm  which  stains  much  less  strongly  thau  the  nucleus,  thus 
aeparating  this  group  fi'om  the  lymphocytes. 

3.  Transitional  Leucocytes,  of  the  same  size  as  many  of  the  large 
mononuclear  leucocytes,  with  a  compact  or  vesicular,  irregular  or  in- 
curred nucleus,  and  a  considerable  mass  of  protoplasm,  in  which  fine 
neutrophile  granules  can  occasionally  be  demonstrated. 

4.  PoLYNUCLEAB  Neuteophile  LEUCOCYTES,  of  the  Same  size  as 
the  transitional  leucocytes,  with  a  partially  or  completely  divided  nu- 
cleus, of  which  the  separate  portions  are  either  compact  or  vesicular, 
deeply  or  faintly  staining,  and  with  considerable  protoplasm  in  which 
distinct  granules  may  be  demonstrated  by  the  neutral  dyes. 

5.  EosiNOPHiLE  Cells,  of  the  same  characters  as  the  ordinary  poly- 
nuclear  leucocytes,  but  containing  in  their  bodies  lai^  refractive  gran- 
ules which  stain  deeply  with  so-called  acid  dyes  such  as  eosin. 

6.  Basophils  Cells,  of  about  the  same  size  as  the  polynuclear  cells, 
but  containing  coarse  graimlatious  stained  only  by  basic  dyes  such  as 
methylene  blue.  The  nucleus  is  small,  stains  feebly,  and  is  usually 
lobular.     It  is  often  covered  very  largely  by  the  grauulatious. 

These  various  forms  of  leucocytes  occur  in  normal  blood  iu  the  fol- 
lowing proportions,  which  represent  averages  only  and  are  subject  to 
considerable  ^'ariations: 

Polynuclear  neutrophile  leuccicytes TO  to  73  per  cent. 

Ijkrge  monoDUclear  and  traDsition  forms 3"    4       " 

Lympliocyt«9 23  "  25       " 

Eosinopbiles 3  "    4       " 

Basopliile  cells  less  than 0.5     " 

In  the  normal  blood  of  young  children  the  relative  proportion  of 
mononuclear  cells  is  considerably  greater  than  in  that  of  adults. 

The  numbers  and  proportions  of  the  polynuclear  leucocytes  are  in 
disease  subject  to  very  wide  variations,  and  some  abnormal  forms  of 
colorless  cells  make  their  appearance  in  the  blood. 

Leucocytosis. 

Leucocytosis  is  that  condition  of  the  blood  in  which  the  leucocytes 
are  temporarily  or  persistently  increased  in  number.  WTieu  several 
forms  of  leucocytes  are  increased  in  number  and  the  usual  proportions 
are  bat  partially  disturbed,  we  speak  of  mixed  leucocytosis.     Such  a  con- 
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ditioii  ia  seen  in  some  forms  of  .amemia.  WTieu  the  polyiuiclear  neutro- 
jihile  leucocytes  alone  are  increased  the  condition  is  termed  polynvclmr 
leacocjfUme,  or  simply  leucocytosis.  If  the  mononuclear  cells  are  chiefly 
affected,  the  condition  may  be  denoted  as  IjfmphocyUms.  The  eosiuophile 
cells  alone  may  be  increased. 

Polifnudear  LeucocyUms  may  be  either  physiological  or  pathological. 

Phyiiologioal  Folynaoleat  Lencocytosis  is  seeu  during  normal  digestion, 
in  the  later  months  of  pregnancy,  in  the  first  days  of  infancy,  and  is 
usually  of  moderate  grade. 

Fathobgflcal  Polynaclear  Leacocytous  occurs  in  many  inflammatory  and 
infectious  diseases,  and  accompanies  the  various  cachexias.  Of  the  in- 
fectious diseases  attended  with  leucocytosis  may  be  mcutioned  pneu- 
monia, diphthcri;i,  scailet  fever,  erysix)elas,  rheumatism,  suppurative 
cerebro -spinal  meningitis,  and  any  disease  associated  with  a  pronounced 
exudative  or  suppurative  lesion.  On  the  other  hand,  leucocytosis  is 
ab.scnt  in  uncomplicated  typhoid  fever,  typhus,  malaria,  measles,  and 
tuberculosis. 

The  origin  and  significance  of  the  leucocytosis  of  infectious  diseases 
is  imperfectly  understood,  but  may  be  partially  explained  by  the  princi- 
ples of  chemotaxis  and  phagocytosis.  Prom  experimental  evidence  and 
clinical  observation  it  is  known  that  during  the  onset  of  some  infectious 
diseases  the  entrance  of  bacteria  or  their  products  into  the  blood  is  fol- 
lowed by  a  disapx>earance  from  the  circulation  of  many  polynuclear  leu- 
cocytes, which  are  removed  from  the  larger  vessels  and  lodged  in  the 
capillaries,  principally  in  the  liings  and  liver.  This  condition  of  the 
blood,  called  bypolettcocytosis,  may  be  attended  with  a  transient  reduction 
in  temperature  and  weakening  of  the  heait's  action,  and  is  usually  suc- 
ceeded shortly  by  the  reappearance  of  polynuclear  leucocytes  in  lai^ 
numbers,  and  by  a  rise  of  temperature.  These  leucocytes  are  apt  to 
gather  in  i-egions  in  which  micro-oi^auisms  are  abuudant,  and  are  be- 
lieved to  take  up  and  destroy  micro-organisms  (phagocj-tosis),  and  to 
prevent  their  further  entrance,  and  possibly  the  entrance  of  their  prod- 
ucts also  into  the  circulation.  Of  the  place  and  method  of  origin  of 
these  new  leucocytes  very  little  is  definitely  known. 

In  many  very  severe  cases  of  infectious  disease,  such  as  pneumonia, 
diphtheria,  and  peritonitis,  the  initial  hypoleucocytosis  persists,  in  which 
event  the  disease  usually  runs  an  asthenic  and  fatal  course,  with  a  ten- 
dency to  low  temperature  and  feeble  pulse. 

When  leucocytosis  is  established  the  grade  varies  frequently  with  the 
extent  of  the  local  lesion  and  the  height  of  the  fever  associated  with 
the  infectious  process,  and  disappears  with,  or  soon  after,  the  decline  of  the 
disease.  In  general,  according  to  our  present  knowledge,  the  leucocy- 
tosis of  infectious  diseases  may  be  regarded  as  the  effort  of  the  blood- 
produciug  oi^ans  to  protect  the  blood  and  tissues  by  means  of  leucocytes 
against  the  invasion  of  micro-organisms  and  against  the  action  of  toxins 
present  in  the  circulation. 

The  blood  in  typhoid  fever  presents  a  peculiar  I'ariation  from  that  in 
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most  iofectioua  diseases.  lu  the  first  weeka  of  the  disease  there  is  nsu- 
ally  a  reduction  ill  the  number  of  leucocytes,  especially  of  tbe  polyuuelear 
forms.  lu  the  later  weeks  the  lymphocytes  may  form  eighty  per  cent 
of  the  leucocytes  present  in  the  blood.  Each  relapse  is  attended  with  an 
increase  of  the  lymphocytosis,  while  an  increase  of  polyuuelear  leucocytes 
usually  occurs  with  complications  only. 

In  the  various  forms  of  tuberculosis  there  is  no  leucocj'tosis  unless 
the  lesion  is  markedly  exudative  in  character,  as  in  tuberculous  menin- 
gitis, or  is  complicated  by  suppuration  or  chronic  aniemia.  In  pulmo- 
narj'  tuberculosis  with  secondary  infection  by  pyogenic  cocci  leucoeytosia 
is  apt  to  develop. 

Cachectic  LeacocytofliB  is  a  feature  of  altered  conditions  of  the  blood, 
such  as  are  associated  with  the  growth  of  malignant  tumors,  and  with 
many  diseases  producing  secondary  ancemia.  This  increase  of  poly- 
nuclear  leucocytes  may  serve  to  distinguish  many  foims  of  secoudary 
from  primary  autemia.  The  inflammation  and  toxaemia  accompanying 
many  new  growths  aiford  a  sufficient  reason  for  the  appearance  of  ca- 
chectic leucoeytosis,  but  nnder  many  other  circumstances  its  direct  cause 
is  less  apparent. ' 

HypoIeaoocjrtouB  occurs  not  only  in  infectious  diseases,  when  the  poly- 
nuclear  cells  alone  are  reduced  in  numbers,  but  also  from  shock,  reduc- 
tion of  body  temperature,  and  exhaustion,  when  all  forms  of  leucocytes 
may  be  diminished.  It  is  a  fairly  coustant  featnre  of  primary  pernicious 
aniemia.' 

Folynnctear  Eoainophile  Leucoeytosis  is  found  in  a  number  of  unrelated 
conditions.  In  bronchial  asthma  the  eosiuopbile  cells  are  considerably 
increased,  often  forming  ten  to  twenty  per  cent  of  the  total  white  cells. 
In  a«ute  and  chronic  diseases  of  the  skin,  such  as  pemphigus,  prurigo, 
and  psoriasis,  the  eosinophiles  are  often  inci'eased  to  a  marked  degree, 
but  the  condition  is  not  constant.  In  trichinosis  and  helminthiasis  the 
increase  is  so  constant  that  it  becomes  of  diaguostic  value  in  these  con- 
ditions.    A  post-febrile  eosiuophilia  is  frequently  observed. 

Lymphocytosis,  frequently  seen  in  tbe  aneemias,  in  pertussis,  and  tbe 
acute  intestinal  disorders  of  childhood,  has  also  been  noted  in  some 
forms  of  secondary  auiemia  (syphilis),  and  in  an  extreme  degree  as  the 
chief  characteristic  of  the  blood  of  Ijinphatic  leukemia. 

In  mixed  lenoocytoses  a  number  of  types  of  (Tells  appear  which  are  de- 
ri\ed  from  tbe  bone  marrow  and  diffei'  greatly  from  the  forms  already 
described.  Of  these  the  most  important  are  the  myelocytes  (Plate  II., 
Fig,  6).  These  are  mononuclear  cells  with  an  oval,  faintly  staining 
nucleus,  and  a  cell  body  containing  a  greater  or  less  unmber  of  neutro- 
phile  granulations.     They  are  usrally  about  twice  as  lai^  as  the  red 

'  Fov  further  data  coiicerni 
nisa  d.  I^ukocytoae."  LeipHic.  1 
BluteB."etc,  Wien,  1898. 

'For  Hypoleucocytosis.  coDSult  I^ril.  "Studien  Hber  Physiol,  uod  Fatbol.  d. 
BliitcB  u.  d.  Lympbe,"  .lena,  I8B3.  Euiiig.  "Toxic  Hypoleucocytosis,"  New  York 
-Mcdicnl  Joiiraal,  Alarch.  1895. 
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cells,  but  may  be  of  practically  the  same  size.  Anotber  type  possesses 
the  same  cbaracteristica  except  that  the  grauulatlous  are  of  the  eosinophile 
or  basophile  variety.  Fiually,  there  are  found  nuder  the  same  conditions 
as  the  myelocytes  lai^e  mononacleiu-  cells  without  granulations,  the  so- 
called  "irritation  forms."  The  nnelews  stains  deep  bine  with  the  triacid 
stain,  and  the  cell  body  a  dark  brown.  Moderate  degrees  of  mixed 
leucocytosis  are  seen  in  the  severe  primary  and  secondary  anfcmias,  dur- 
ing the  course  and  at  the  end  of  severe  infections,  especially  in  children, 
but  the  most  marked  example  is  ia  the  blood  of  spleno-myelogeuous 
leuksemia. 

Charcot -Ley  den  crystals  are  occasionally  found,  chiefly  after  death,  in 
the  blood  in  leuktemia,  usually  at  the  same  time  with  an  increased  num- 
ber of  eosinophile  cells. 

Degeuerativfl  Changei  in  the  Blood  are  usually  indicated  in  the  leuco- 
cytes by  variations  in  the  percentage  of  uormal  and  abnormal  varieties, 
rather  than  by  alterations  in  the  individual  cells,  for  degenerating  leuco- 
cytes are  usually  quickly  removed  from  the  circulation.  Staining  re- 
actions of  the  various  granules,  by  which  degenerative  changes  may  be 
recognized,  have  not  yet  been  devised.  In  leuksemia,  pernicious  anie- 
mia,  aud  diphtheria,  a  diminished  reaction  to  ouclear  dyes  has  been 
observed.  In  Icukcemia,  and  in  the  severe  infectious  diseases,  the  leuco- 
cytes may  be  extremely  cohesive,  and  it  is  believed  that  a  large  quantity 
of  bacteria  or  toxins  in  the  circulation  may  even  effect  a  complete  solu- 
tion and  destruction  of  leucocytes  (leueocytolysis).  Fatty  degeneration 
of  leucocytes  has  been  demonstrated. 

■elansmia. — In  this  condition  the  blood  contains  larger  and  smaller 
irregular-shaped  particles  or  masses  of  browu  or  black  pigment.  This 
condition  is  most  frequently  the  result  of  intermittent  and  remittent 
fever,  particularly  the  severer  forms.  It  may  be  accompanied  by  ante- 
mia  and  leucocytosis.  It  does  not  occur  in  all  eases  of  the  above-named 
afTectiona  It  may  be  transient  in  character.  The  pigment  may  be  free, 
or  more  usually  is  enclosed  in  leucocytes.  Under  the  same  conditions 
pigment  may  be  deposited  in  the  li^'er,  spleen,  lymph-nodes,  bone  mar- 
n)w,  aud  blood-vessels.  Owing  to  the  deposit  of  pigment  in  the  organs 
they  may  assume  a  gray  or  slate  color.  The  pigment  developed  in 
malaria  originates  in  the  decomposition  of  the  htemoglobin  under  the 
influence  of  the  Plasmodium.  Pigment  which  has  been  taken  into  the 
lungs  from  the  air,  such  as  coal  dust,  etc.,  may  find  its  way  into  the 
blood  either  before  or  after  deposition  in  the  bronchial  or  other  lymph- 
nodes,  and  may  be  aftem~ard  deposited  in  the  spleen  and  liver.' 


r  Wood,  "Cbemical  aud  Microscopical  Diagno^," 
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HeUtoda  of  Bxamination  of  th«  Blood. 

The  blood  may  be  eismined  fresh  on  the  warm  stage  without  the  addition  of  any 
fijtatlve,  simply  aurrouoding  the  cover  with  oil  or  vaselin  to  prevent  evaporation. 
Thia  method  is  especially  useful  in  the  examination  of  blood  for  the  plasmodia  malariee. 
For  most  purposes,  however,  the  cells  should  be  treated  the  instant  the  blood  leaves 
the  vessels  in  such  a  way  as  to  retain  their  normal  form.  Tliis  luxation  may  be  accom- 
plished by  the  use  of  clieniical  agents  (wet  method)  or  by  quick  drying  on  the  cover 
glass  or  slide  (dry  method). 

Wet  Method.— Among  the  chemical  flxative  agents  are  osmic  acid  and  a  solution 
of  corrosive  sublimate.  Oiiiiic  aeid :  A  drop  or  two  of  blood  drawn  from  the  cleansed 
flngcr-tip  by  a  needle  prick  is  allowed  to  fall  into  a  cubic  centimetre  of  from  one-  to 
two'per-ccnt  osmic  acid.  After  an  hour  the  blood  cells  may  be  Irausfeired  by  a  pipette 
to  a  solution  of  acetate  of  potash,  in  which  they  may  be  preserved. 

Sublimate  may  be  used  in  the  form  of  Hayem's  solution,  consisting  of 

Chloride  of  sodium 1     gm. 

Sulphate       "  5       " 

Corrosive  aublimate 0.5    " 

Water,  distilled 200 

The  blood  is  received  directly  into  Ihis  solution,  in  which  it  is  studied.  The  wet 
method  of  fixation  Is  especially  to  be  recommended  for  studies  on  the  minute  structure 
of  blood  cells. 

Dry  Metiiod. — It  has  been  found  that  if  the  freshly  drawn  blood  fro'm  a  Snger 
prick  be  immediately  dried  on  a  glass  in  a  very  thin  layer,  the  cell  forms  are  quite  well 
preserved  and  may  be  exposed  to  the  action  of  staining  agents. 

For  this  purpose  square  cover-glasses  of  medium  size  should  be  cleaned  in  strong 
nitric  acid,  rinsed  in  alcohol  and  ether,  carefully  dried,  and  kept  free  from  dust.  A 
drop  of  blood  may  be  expressed  by  very  light  pressure  only  from  the  finger  tip,  previ- 
ously cleansed  with  alcohol  and  ether,  and  for  the  best  results  the-  drop  must  lie  spher- 
oidal and  about  one-sixteenth  of  an  inch  in  diameter.  One  cover-glass  should  be  held 
in  the  forceps,  or  between  the  fingers  if  thoroughly  dry,  aod  its  central  point  touched 
to  the  drop  of  blood.  After  contact  with  the  blood  this  cover-glass  should  be  instantly 
laid  upon  a  second  gla.<43  so  as  to  cover  all  but  an  eighth  of  an  inch  along  one  side,  and 
as  soon  as  the  blood  has  spread  to  the  edges,  the  eoverglasses  should  be  quickly  sepa- 
rated by  sliding  without  pressure  and  dried  in  the  air.  If,  instead  of  drying  in  the  air, 
the  specimens  are  rapidly  dried  high  over  an  alcohol  flame,  the  fixation  will  be  more 
successful,  and  many  artificial  changes  in  the  red  cells  will  be  avoided. 

Another  method,  more  successful  in  many  hands,  consists  in  touching  the  drop 
with  the  smooth  edge  of  a  glass  slide,  applying  this  edge  with  its  adherent  blood 
obliquely  to  a  slide,  and  when  the  blood  has  spread  along  the  edge  of  the  slide,  drawing 
it  rapidly  across  the  surtact-  of  the  second  slide. 

For  the  permanent  fixation  of  the  cells  and  to  prevent  their  solution  by  strong  dyes, 
one  of  two  methods  may  be  recommended : 

1.  EecU  Fixation. — The  apecimens  are  heat«d  in  a  hot-air  bath  or  on  a  copper  plate, 
for  from  five  minutes  to  two  hours  at  a  temperature  of  110°  C.  to  120°  C. 

3.  Cksmical  Fixation. — Tlie  speciinens  are  placed  for  from  one  to  thirty  minutes  in 
strong  methyl  alcohol. 

Various  staining  agents  are  to  be  employed  according  to  the  object  in  view.  The 
triacid  mixture  of  Ehrlich  '  gives  an  excellent  stain  for  the  neutrophile  and  eosinophile 
granules,  but  fails  to  show  basopliile  granules  or  parasites,  for  which  reason  it  is  being 
supplanted  for  general  work  by  combinations  of  methylene  blue  and  eosin.  The  com- 
position of  the  Ehrlich  stain  is  as  follows: 

'  Qreat  care  must  be  used  in  selecting  these  dyes.  Those  made  by  Grllbter.  of  Leip- 
sic,  are  reliable.  It  is  far  better  to  purchase  the  solution  already  mixed  as  sold  by  GrDb- 
ler  under  the  name  of  "  triacid  mixture  for  neutrophile  granules." 
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Saturated  aqueous  solutions  of 

Orange  G 13  to  H  c.c. 

Add  fuchsin 6    "    7     " 

Methyl  green 12.5  " 

To  Ctiv  mixture  of  these  add 

Water 15  c.c. 

Absolute  alcobol  25   " 

Glycerin 10    " 

The  specimen  sboulU  be  stained  ta  (his  fluid  for  three  to  Ave  minutes,  waabed  in  dis- 
tilled water,  dried,  uud  mounted  in  dammar  dissolved  in  xylol. 

The  red  cells  are  then  fouod  stained  oraogc-yellow,  the  nuclei  dark-green  or  blue, 
the  aeutrophile  and  eosinopbile  granules  dark-red.    The  mast-cell  granules  ai«  not 

Rather  more  uniform  results,  especially  as  regards  the  red  cells,  may  be  obtained 
by  the  following  method,  which  also  demonstrates  the  malarial  Plasmodium  and  baso- 
phlle  granules,  but  not  the  neutrophile  granules:  Place  tlie  specimens  for  two  minutes 
in  a  saturated  alcoholic  solution  of  eosin,  wash  in  water,  and  counlerstain  for  five 
minutes  in  a  one-per-cent  watery  solution  of  methylene  blue.  The  red  cells  and  eosino- 
phlle  granules  then  appear  bright-red.  The  nuclei,  basophlle  gisnules,  and  malarial 
Plasmodia  are  stained  blue. 

Recently  a  stain  has  been  devised  by  Jonoer  which  bi<ls  fair  to  supplant  other 
methods  on  account  of  Its  simplicity,  rapidity,  and  euse  of  application.  It  consists  of  a 
balf-per-cent  solution  In  methyl  alcohol  of  a  compound  made  by  mixing  a  1.2  per  cent 
aqueous  eosln  and  a  one-per-cent  aqueous  methylene -blue  solution.  The  precipilale 
which  forms  is  filtered  off,  washed  with  distilled  water,  dried,  and  dissolved  in  the 
methyl  alcohol.  The  blood  smears  are  fixed  by  this  solution  in  from  one  to  three  minutes. 
The  red  cells  are  of  a  terra- cotta  color,  the  nuclei  blue,  the  neutrophile  and  eosinophile 
granules  red,  the  maat-cell  granules  purple;  bacteria,  malarial  organisms,  and  blood 
plaques  blue. 

For  the  demonstration  otfai  in  blood  from  a  finger  prick,  cover-glass  preparations 
dried  in  the  air  should  be  stained  for  twenty-four  houra  in  one-percent  aqueous  solu- 
tion of  osmic  acid.  To  avoid  numerous  sources  of  error,  a  control  preparation  should 
be  previously  placed  in  chloroform  for  twenty-four  houra  to  dissolve  the  fat,  and  two 
specimens  carried  together  through  the  osmic  acid.  In  the  one,  black  fat  droplets  will 
be  seen,  which  should  be  entirely  absent  in  the  other. 


FOKBIQH  BODIES  IK  THB  BLOOD. 

Various  bodies  which  do  not  belong  there,  aside  from  those  above 
mentioned,  may  Qud  aecess  to  the  vessels  and  mingle  with  tlie  blood. 
Fiis  cells  may  get  into  the  blood  from  the  opening  of  an  abscess  into  a 
ves.'wl  or  from  some  inflammatory  change  iii  its  vails.  Desquamated 
endothelial  cells  from  the  vessel  walls,  either  in  a  condition  of  fatty  de- 
generation or  in  various  stages  of  proliferation,  may  be  mingled  with  the 
normal  blood  elements;  also  tumor  cells  of  various  kinds,  fragments  of 
disintegrated  thrombi,  portions  of  heart  valves,  etc.  Crystals  of  bili- 
rabin  have  been  found  in  the  blood  iu  icterus. 

Fat,  in  a  moderate  amount,  is  a  normal  ingredient  of  the  blood  during 
digestion  and  in  lactation,  Fnder  pathological  conditions  it  may  occur 
in  lai^r  and  smaller  droplets.  This  liptmiia  occurs  as  a  result  of  deficient 
oxidation,  in  diabetes,  in  drunkards,  and  in  some  eases  of  dyspnoea  from 
various  causes.     The  droplets  are  small  and  liable  to  escape  observation. 
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In  many  cases  of  injurj',  particularly  iu  crushing  fractures  of  the 
bone,  the  fat  of  the  marrow  finds  its  way  into  the  blood,  and  it  may  col- 
lect iu  large  drops  in  the  vessels  of  the  lungs,  forming  the  so-called /a( 
emboli  (Fig,  13,  p.  75);  or  it  may  pass  the  lungs  and  form  emboli  in 
other  parts,  as  the  brain,  kidneys,  etc.  Fat  embolism  iu  eclampsia  is  of 
occasional  occurrence. 

The  fat  may  be  absorbed  from  the  vessels,  having  produced  little  or 
no  disturbance;  or  iu  some  cases  it  may  produce  serious  results  by  the 
stoppage  of  a  large  series  of  vessels  iu  the  lungs,  brain,  or  other  parts  of 
the  body. ' 

TJBSueB  and  organs  whaae  blood- vessels  are  suspected  to  coDtain  fat  droplets  should 
be  fixed  with  osmic  acid,  wbich  staJna  fat  black.  Sections  without  further  Btalniug 
may  be  mounted  in  glycerin. 

Air,  as  a  result  of  an  opening  in  the  veins,  is  of  occasional  occurreuce. 
If  the  amount  of  air  be  small,  it  appears  to  be  readily  absorbed,  aud  does 
little  or  no  harm.  If,  on  the  other  hand,  a  large  quantity  is  admitted  to 
the  veins  at  once,  it  collects  in  the  nght  side  of  the  heart,  from  which 
the  contractions  of  the  organ  are  unable  to  force  it  in  any  considerable 
quantity,  aud,  the  supply  of  blood  being  thus  cut  ofif  from  the  lungs, 
death  very  quickly  ensues.  The  blocking  of  the  smaller  pulmonary  ves- 
sels and  of  the  vessels  of  the  heart  with  air  bubbles  may  also  hasten 
death.  It  is  especially  from  wounds  of  the  veins  of  the  neck  and  thorax 
that  the  accident  is  most  apt  to  occur.  But  it  may  be  due  to  the  intro- 
duction of  air  into  the  uterine  veins  iu  intra-uterine  injection,  or  in  the 
removal  of  tumors.'  One  should  remember  in  this  connection  that  in- 
fection with  bacillus  aerogenes  gives  rise  to  gas  bubbles  in  the  blood-ves- 
sels, as  well  as  in  other  tissues  (see  p^e  267). 

Paraaitefl  and  Other  Foreign  Bodies  in  the  Blood. — The  occurrence  of 
animal  and  vegetable  parasites  is  considered  more  in  detail  in  parts  of 
this  book  devoted  to  these  oi^uisms.  It  will  suffice  to  mention  here 
that  the  more  important  of  the  animal  parasites  of  the  blood  are :  The 
malarial  parasite,  trypanosomata,  and  FUaria  sanguinis  hominis. 

The  various  forms  of  bacteria  which  may  be  found  iu  the  blood  will 
be  considered  in  parts  of  this  book  in  wbich  these  organisms  are  treated 
in  detail.'     Parenchyma-cell  emboli  are  considered  on  page  76. 

'  For  resame  of  this  subject  with  bibliography,  consult  Welch  in  article  on  Bmbol- 
iaminAllbutfs  "System  of  Medicine,"  vol.  vi..  p.  258. 

^WeU/i.ibid.,  p.  254. 

'  For  methods  and  results  of  bacterial  studies  of  the  blood,  wltl)  bibliography,  con- 
sult Kuhnau.  Zeit.  f.  Hygiene.  UtI.  xxv.,  p.  493,  1897;  MoKiiberger,  Am.  Jour.  lied. 
Sciences.  1903.  p.  234. 
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Qeueral  Diseases  InvolTing  the  Blood  and   Blood-Forming 

Organs. ' 

There  is  a  group  of  diseases  in  irhich  the  essential  lesion  seems  to-be 
an  alteration  in  the  composition  of  the  blood,  although  in  some  members 
of  the  gronp  other  lesions  are  also  present.  This  group  embraces  Chlor- 
osis, Secondary  and  Pernicious  Anteinia,  Leuki£miEi,  and  Pseudo- 
leukiemia. 

CKL0B08I8. 

Chlorosis  is  a  disease  of  the  blood,  attended  with  a  diminution  in  the 
hiemoglobin,  and  usually  in  the  number  of  the  red  blood  cells. 

Of  the  essential  element  in  the  incitement  of  this  disease  and  of  the 
exact  method  of  its  origin  we  are  ignorant.  The  condition  has  been  at- 
tributed to  congenital  hypoplasia  of  the  heart  and  bloodvessels,  to  pro- 
longed malnutrition,  to  intestinal  intoxication,  and  to  functional  dis- 
turbance of  an  unknown  nature  in  the  blood-producing  organs. 

In  the  mildest  grade  of  chlorosis  the  only  change  to  be  obser\'ed  is  a 
diminution  of  hsemoglobin.  In  severer  forms  may  be  added  a  diminution 
iu  number  and  moderate  variations  in  size  and  shape  of  the  red  cells.  In 
very  severe  and  relapsing  cases  the  hiemoglobiu  may  be  excessively  de- 
creased; the  red  cells  may  number  less  than  two  million  per  cubic  milli- 
metre, and  the  average  size  of  the  cells  be  less  than  normal.  The  leucocytes 
are  not  increased  in  number.  There  may  be  a  slight  relative  increase  of 
the  lymphocytes;  megalocytes,  microcjies,  and  poikilocytes  may  appear 
(see  Plate  II.,  Fig.  2). 

The  specific  gravity  of  the  blood  is  diminished;  the  alkalinity  of  the 
blood  and  serum  is,  as  a  rule,  diminished  slightly,  while  the  power  of 
co^ulatiou  remains  normal.  Even  iu  cases  of  considerable  severity  the 
degenerative  changes  in  the  viscera  characterizing  other  forms  of  auiemia 
have  been  found  wanting,  although  degenerative  changes  in  the  red  cells 
may  occur  in  accordance  with  the  severity  of  the  disease.  The  liver  does 
not  contain  an  excess  of  iron,  and  the  urine  is  free  from  pathological 
urinary  pigments. 

The  regeneration  of  the  blood  iu  chlorosis  under  rest  and  treatment 
with  iron  may  usually  be  rather  promptly  effected  by  increased  activity 
of  the  red  marrow  which  is  probably  hj-perplastic.  This  regenerative 
process  may  be  indicated  in  the  blood  by  the  periodical  appearance  of 
considerable  numbers  of  normoblasts.  The  appearance  of  these  nucleated 
red  cells  nmy  be  accompanied  by  a  moderate  increase  of  leucocytes,  both 
mononuclear  and  polynuclear.     Myelocytes  also  may  rarely  be  seen. 

'  For  a  full  rtiscuasion  of  the  siibjecis  treated  in  tliis  chapter  the  reader  is  referred 
to  Von  Xoonten.  '■Bleichsnchl."  Sothnagel's " Spee.  Path.  u.  Thcrap,";  and  to  BbrliiA 
andLii2am*,  "Pie  Ameniie,"  Kothnagel's  " Spec.  Path.  u.  Therap." 
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SECONDAST  AX^HIA. 

"While  chlorosis  may  be  considered  usually  a  disease  of  adolescence, 
and  while  its  occuiTeuee  is  almost  wholly  coiihued  to  the  female  sex, 
there  is  another  type  of  blood  cliau^  which  scciiis  best  elassificcl  under 
the  heiiding  of  sccoudaiy  anfeinia,  and  which  is  indei>eudeut  of  sex  or 
age.  The  dettmiiniug  agents  are  either  of  a  general  nature,  such  as  poor 
food  and  bad  aii',  or  they  are  actual  diseases,  or  they  may  be  intestinal 
parasites,  or  finally  chronic  poisoning.  Among  those  diseases  which  are 
likely  to  induce  a  well-defined  anicmia  we  may  mention  prolonged  sup- 
puration, diseases  of  the  stomach  and  intestines,  malaria,  syphilis,  and 
malignant  tumors.  The  intestinal  parasites  are  chiefly  the  Ankylostoma 
duodenale  and  the  Bothriocephalus  latus.  The  poisons  ai'e  lead  and, 
more  rarely,  arsenic.  The  alterations  which  are  apparent  on  examining 
the  blood  are  verj-  variable,  depending  upon  the  agent.  The  hBemoglobin 
is  r^ulai'ly  diminished  to  a  greater  per  cent  than  the  red  cells;  it  may 
fall  as  low  as  lS-20  per  etnit ;  the  red  cells  rarely  fall  below  one  million. 
Nucleated  I'ed  cells  of  the  normoblastic  type  are  frequent  in  the  severe 
cases;  megaloblasts  are  not  found  except  in  the  most  advanced  cases,  and 
then  in  small  numbers.  As  a  rule  the  average  diameter  of  the  red  cells 
is  slightly  below  normal,  with  a  moderate  poikilocytosis.  Granular  de- 
generation is  present  to  a  variable  extent  in  the  i-ed  cells  except  in  malaria 
and  lead  poisoning,  when  it  is  the  rule.  In  the  anaemias  produced  by 
the  Intestinal  worms  the  blood  picture  may  be  that  of  pernicious  aniemia, 
with  a  great  increase  in  the  size  of  the  cells  and  the  appearance  in  the 
blood  of  unmerous  megaloblasts,  thus  forming  an  exception  to  the  general 
rule  that  the  blood  of  secondary  anteniia  is  normoblastic  in  type.  The 
leucocytes  are  increased,  as  a  rule,  in  cases  due  to  suppuration  and  to 
tumors ;  in  other  forms  there  is  usually  but  little  change  in  the  number, 
though  it  is  impossible  to  formulate  a  general  rule  (Plate  II.,  Fig.  A). 

PEBNICIOUB  AHXXtA. 

Pernicious  anreinia  is  a  disease  of  the  blood  and  blood-forming  organs, 
characterized  by  excessive  destruction  associated  with  defective  produc- 
tion of  red  cells. 

The  exact  relation  of  the  factors  concerned  in  the  causation  of  the 
disease  has  not  been  determined.  It  may  be  said,  however,  tliat  while 
very  rapid  cases  of  pernicious  ancemia  have  been  obser\-ed  unaccom- 
panied  by  the  usual  lesions  in  the  bone  marrow  associated  with  defective 
hEematogeuesis,  the  disease  seems  not  to  exist  without  excessive  htemato- 
lysis. 

Pernicious  aniemia  may  probably  originate  as  a  primary  disease  of 
the  blood  or  bone  marrow,  but  many  cases  apparently  primary  have 
been  shown  at  autopsy  to  be  secondary  to  sueh  conditions  as  cancer, 
ne])hritis,  tuberculosis,  atrophy  of  the  gastric  mucosa,  or  the  presence  of 
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parasites  in  the  blwuJ  or  intestine.  The  studies  of  Hunter  indicate  that 
the  destruction  of  the  blood  may  in  some  cases  result  prineipjilly  in  the 
portal  circulation  and  particularly  in  the  spleen  from  the  action  of  toxic 
substauees  absorbed  from  the  intestines.  Whatever  its  origin,  the  dis- 
tinguishing feature  of  pernicious  anieniia  is  the  fa<^t  that  the  amemia  is 
entiiely  disproportionate  to  any  apparent  caiLse,  and  wheu  once  estab- 
lished tends  to  progi'ess  to  a  fatal  issue. 

The  essential  lesion  is  an  extreme  and  progressive  diminution  in  num- 
ber and  very  great  variation  in  size  and  form  of  the  red  blood  cells  (as 
tilioftn  lu  Plate  It,,  Fig.  4).  Nearly  constant  is  a  widely  distributed 
lesion  of  the  bone  marrow,  in  which  tlie  normal  nucleate<l  red  cells  are 
'  partly  replaced  Ity  an  excessive  numbei'  of  larger  nucleated  eorpnseles  or 
megaloblasts,  with  atrophy  of  fat  cells.  The  destruction  of  haemoglobin  is 
followed  by  a  considerable  deposit  of  iron  in  the  liver,  spleen,  marrow, 
and  other  organs,  and  by  the  ap[>e»rauce  of  abnormal  pigment  in  the 
urine.  The  prolonged  ana-niJa  may  be  accompanied  by  fatty  degenera- 
tion in  the  viscera,  especially  of  the  liver,  kidneys,  and  heart  muscle. 
As  a  combined  re.sult  of  fatty  changes  in  the  arterial  walls  and  of  the 
dimiuntion  in  albuminous  ingredients  and  in  the  coagulability  of  the 
blood,  lueniorrhjiges  in  various  parts  of  the  body,  especially  the  retina, 
are  of  f  reiineut  ocenrrenee.  Disseminated  areas  of  sclerosis  in  the  spinal 
cord  have  Iwen  described  aud  r^arded  as  the  result  of  minute  hfemor- 
rhages  in  this  region. 

Ill  the  blood  the  red  cells  are  usually  reduce<l  to  less  than  two  million 
and  often  to  half  a  million  per  cubic  millimetre.  Of  the  remaining  cells 
a  considerable  percentage  may  be  abnormally  large  (megalocytes),  or 
very  small  (microcytes).  Cells  of  very  irregular  shape  are  often  pi'esent 
in  abuudance  (poikilocytes)  (Plate  II.,  Fig.  4).  The  quautity  of 
hemoglobin  in  the  majority  of  the  cells  is  usually  increased,  but  may  be 
diminished  in  a  certain  jiroportion  of  cells,  which  then  resemble  those 
found  in  chlorosis.  The  "hsenioglobiu  index" — that  is,  the  relation  of 
the  total  percentage  of  hiBmoglobin  to  the  total  uumber  of  cells — may  be 
normal  wheu  a  deficiency  of  hiemoglobin  in  one  cell  is  counterbalanced 
by  a  proportionate  excess  in  another. 

A  vai'iety  of  degeuerativc  changes  in  the  red  cells  are  commonly 
present,  including  csj>ecially  those  alterations  in  the  staining  reactions  of 
the  protoplasm  known  as  polyehromatophilia  and  granulm'  degeneration. 
In  the  first  the  cell  stains  a  nioi*  or  less  unifona  bine  with  methylene 
blue;  in  the  second  the  cells  contain  granules  which  give  a  strong  baso- 
philic staining  reaction.. 

Nucleated  red  cells  of  normal  size  (normoblasts)  are  of  frequent  oc- 
currence in  the  blood  of  well-established  pernicious  anemia.  Abnormally 
large  nucleated  red  cells  (megaloblasts)  are  a  nearly  constant  element 
and  are  of  great  diagnostic  importance,  as  they  indicate  the  presence  of 
a  grave  lesiou  in  the  bone  marrow.  They  are  rather  more  abundant 
than  the  normoblasts  iu  well -developed  cases. 

Megalocytes  and  megaloblasts  usually  show  an  e,xcess  of  beemoglobin, 
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may  exhibit  am<£boid  movemeut,  aud  have  no  tendeucy  tonrard  the 
forniation  of  rouleaux.  Extremely  lai^e  nucleated  red  cells  (gigauto- 
blasts)  are  frequently  found  iu  advauced  cases,  and  in  these  cells  as  well 
as  iu  the  meguloblasts  the  nuclei  may  be  rarely  seen  in  various  stages  of 
nornoal  or  patiiological  mitosis.  "Blood  crises,"  by  which  is  indicated 
the  appearance  of  large  numbers  of  uorino-  or  niegaloblasts  in  the  circu- 
lation, may  occur  in  pernicious  aiisemia,  but  it  must  be  remembered  that 
the  blood  picture  in  any  severe  auiemia  \'aries  much  from  day  to  day 
Tithout  any  marked  alteration  in  the  general  condition  of  the  patient. 
In  the  absence  of  complications  producing  leucocytosis  In  pernicious 
aniemia,  the  leucocytes  are  usually  diminished  in  number.  There  is  a 
relative  increase  iu  the  numl>er  of  lymphocytes,  aud  usually  a  few  myelo- 
cytes may  be  found. 

A  very  rare  variety  of  a  rapidly  fatal  form  of  aneemia  has  been  de- 
acribed  in  which  the  number  of  red  cells  is  diminished  without  the  blood 
Bhowing  the  changes  characteristic  of  pernicious  ansemia.  The  bone 
marrow  in  these  cases  has  been  fouud  to  be  fatty  instead  of  hyperplastic 
as  in  the  typical  marrow  of  pernicious  auEemia.  It  has  been  suggested 
that  the  bone  marrow  for  some  unknown  reason  had  not  responded  to  the 
call  made  upon  it  by  the  rapid  htematolysis  taking  place  in  the  disease, 
and  therefore  did  not  undei^o  the  megaloblastic  changes  so  character- 
istic of  the  bone  marrow  in  well-marked  cases  of  pernicious  aufemia. 


I^EUKJETKIA.   (LEtTCOCTTHAMlA). 

Leukeemia  is  a  disease  in  which  the  characteristic  changes  are  an  alter- 
ation iu  the  relative  proportions  of  the  different  leucocytes  of  the  blood, 
with  usually  an  increase  in  their  numt>er,  and  the  appearance  of  certain 
forms  not  seen  in  the  circulation  under  normal  conditions.  The  red  cells 
are  diminished  in  number  and  abnormal  fonns  appear  in  the  blood. 
Accompanying  these  alterations  iu  the  circulating  blood  are  changes  in 
the  bone  marrow;  less  often  in  the  spleen  and  in  the  lymph-nodes.  Its 
inciting  faetors  are  still  unknown.  Leukiemia  may  be  classed  in  three 
tjpes,  which  are  fairly  well  defined  clinically  and  morphologically,  but 
between  these  there  exist  mauy  transitional  forms,  especially  from  the 
point  of  view  of  the  morpholt^y  of  the  blood.  These  three  tj-pes  are  the 
acute  and  the  chronic  lymphatic  leukeemia  and  chronic  myelogenous 
leuktemia  (spleuomyelogenous).' 

Acute  Lymphatic  I>akeini8  is  a  disease  resembling  clinically  an  acute 
infectiou,  with  a  rapidly  increasing  aniemia,  enlargement  of  the  lympfa- 


fn  modtrate  Dunibcrs.  acid  a  claim  lias  been  made  for  a  oliuical  type  of  ocuto  myeloge- 
nous lenkiemia.  but  in  view  of  tlie  ftict  tliat  the  innrphology  of  ifie  blood  varies  greatly 
a  few  days  lieforu  death,  and,  especially  as  it  is  a  matter  of  experience  that  the  lympho- 
cytes in  acute  lymphatic  leiikiemia  are  often  very  greatly  diminished  toward  the  termi- 
nation of  the  discuse.  It  would  seem  improper,  from  our  present  knowledge,  to  class 
these  rases  asaciUc  myelogenous  leukiemia.  For  an  excellent  discussion  of  the  subject 
tee  BUUiin*  and  Cit}>])t.  Am.  Jour,  of  the  Med.  Sciences;  1908,  vol.  cxxvl.,  p.  87-1. 
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uodea  as  a  rule,  aod  a  moderate  increase  in  the  size  of  the  spleen  and 
Iher.  Cases  are  oii  record,  however,  in  which  there  was  no  enlai^nient 
of  the  spleen  or  lyinph-iiodes. '  The  blood  changes  are  very  character- 
istic. The  red  cells  diminish  rapidly  in  numbers,  normoblasts  are  pres- 
ent, and  the  leucocytes  are  increjtsed  though  usually  below  100,000.  The 
forms- present  are  chiefly  lymphocytes,  either  large  or  small,  the  large  as 
a  rule  predominating.  The  bone  marrow  is  altered  to  a  tissue  showing 
large  numbers  of  lymphocytes,  the  so-called  lymphoid  hyperplasia,  which 
often  extends  to  the  lymphoid  tissue  in  the  viscera,. 

Chronic  Lymphatic  Levlcemia. — The  blood  shows  a  severe  anaemia  with 
great  increase  in  the  lymphocytes.  The  small  forms  of  the  lymphocytes 
are  most  abundant,  in  contnulistinction  to  the  acute  type  of  the  disease 
in  which  the  targe  forms  are  usually  in  excess.  The  lymph-nodes  and 
spleen  are  usually  eulai^ed ;  the  bone  marrow  is  in  a  condition  of  lym- 
phoid hyperplasia,  and  there  are  lymphoid  infiltrations  in  the  various 
organs  (see  Plate  II.,  Fig.  5). 

Chronic  Xyelo^nons  Lenknmia.— The  blood  shows  a  severe  anemia, 
rarely  of  a  pernicious  type,  with  marked  quantitative  and  qualitative 
changes  in  the  leucocytes.  The  increase  in  number  of  white  cells  may 
be  to  more  than  one  million  per  cubic  millimetre.  Myelocytes,  both 
neutrophilic  and  eosinophilic,  are  quite  constantly  present  in  considemble 
numbers.  They  may  form  a  large  proportion  of  the  leucocytes  present. 
Basophile  cells  are  very  abuudant  in  cases  of  long  duration,  especially 
the  type  with  polymorphic  nuclei,  myelocytes  with  basophilic  granula- 
tions being  rare.  In  rapidly  advancing  cases  mitoses  may  be  rarely  seen 
in  the  red  cells  and  in  the  leucocytes  (see  Plate  II.,  Fig.  5). 

The  pathological  forms  of  leucocytes  in  myelogenous  and  lymphatic 
leukiemias  have  little  or  no  amceboid  motion.  This  explains  the  inter- 
esting fact  that  the  pus  from  an  abscess  in  a  leukeeniic  subject  contains 
only  the  polynuclear  nentrophile  cells  found  in  such  exudates  in  persons 
with  a  normal  blood  condition.  In  acute  infections  also,  the  nnmber  of 
myelocytes  present  in  the  circulation  may  be  greatly  reduced  and  the 
blood  may  even  lose  the  cell  forms  characteristic  of  lenkeemia,  the  myelo- 
cjies  being  replaced  by  the  ordinary  polynuclear  leneocytes  of  normal 
type. 

The  same  condition  maybe  seen  in  mild  cases,  which  may  under  treat- 
ment reach  a  point  iu  which  it  is  difficult  to  make  a  diagnosis  from  the 
blood  alone. 

In  this  connection,  it  must  be  remembered  that  the  blood  picture  in 
pernicious  anemia  and  the  leukaemias  is  a  ^'e^y  variableone.  As  a  rule, 
more  than  one  examination  is  necessary  for  a  certain  diagnosis,  and  it 
must'  uot  be  foi^otten  that  occasionally  a  case,  apparently  of  pernicious 
ansemta,  may  go  on  to  a  typical  lymphatic  or  myelogenous  leukaemia. 

In  myelogenous  leukemia  there  is  hyperplasia  of  the  bone  marrow, 

I  See  Keltey,  Uuiversity  o€  Pennsylvania  Ati'dical  Bulletin,  1908.  p,  370. 
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which  usually  fills  the  shafts  of  the  long  bones  with  a  firm,  pink  mass 
composed  largely  of  myelocytes.  This  liyjierplasia  may  involve  the 
whole  bone  marrow  of  all  the  long  bones,  or  it  may  be  confined  to  irregu- 
lar, scattered  areas,  so  that  one  should  be  critical  in  accepting  reports  of 
cases  of  leukemia  without  bone-marrow  changes.  The  other  organs  sliow 
hyperplasia  of  lymphoid  tissue,  often  especially  well  marked  in  the 
gastro-iutestinal  tract,  while  scattered  through  the  spleeu  are  often  seen 
numerous  small  areas  containing  myelocytes. 

There  is  some  resison  to  think  that  iu  the  spleen,  for  instance,  some 
multiplication  of  the  cells  goes  on  in  the  so-called  "maiTOw  cell  or 
myeloid  metastases."  The  same  change  may  rarely  be  seen  in  the  liver 
and  lymph-nodes.  Iu  the  blood,  spleen,  and  marrow,  after  death,  elon- 
gated octahedral  crystals  (called  Charcot -Ley  den  crystals)  are  occasion- 
ally fonud.  Haemorrhages  into  the  serous  and  mucous  membranes  and 
the  retina  are  quite  frequent,  especially  the  latter,  and  fatty  degeneration 
of  the  viscera  is  a  quite  constant  expression  of  the  impoverished  condi- 
tion of  tlie  blood.  For  more  detail  concerning  the  lesions  of  the  orgaus, 
see  chaptera  on  spleen,  lymph-nodes,  bones,  etc. 

FSEUD0-LEUK2MXA,.    ("  Hodskin's  Disease,"  "Adenie.") 

Under  this  term  it  has  been  ciLstomary  to  desci'ibe  a  nither  hetero- 
geneous group  of  cases  characterized  by  progi'cssi\e  aniemia,  by  hyper- 
pliLsia  of  the  lymph-nodes  and  nodules,  with  an  occasional  but  by  no 
means  constant  involvement  of  the  spleen,  livei',  and  bone  niari'ow,  and 
by  new  growths  of  lymphatic  tissues  iu  many  parts  of  the  body.  "While 
aiioimia  of  moderate  or  severe  grade  is  very  constantly  present  in 
this  diseiise,  the  increase  of  leucocytes  chaiacteristic  of  lenksemia  is 
wautiug. 

Of  the  exact  natui*  of  the  disease  (if  it  lie  a  single  distisise)  very  little 
is  definitely  known.  The  enlargcmeut  of  the  lymph-uodes  is  in  typiciil 
cases  due  to  simple  hyperitlnsia.  The  blood  changes  imiy  present  the 
type  of  pernicious  anaimia,  and  in  well-authenticiited  ca^es  the  eonditiou 
has  dcveloj)ed  into  true  leuka;mia.  Recent  evidence  favors  the  lielief  that 
some  cases  clsLSsed  under  this  heading  may  be  of  an  infectious  character, ' 
one  of  the  most  frequently  observed  agents  being  the  tubercle  bacillus. 
Cases  of  primary  sarcoma  of  the  lymph-nodes  ha\e  been  described  as 
eases  of  i>.'seudo- leukaemia. 

The  condition  found  at  autopsy  varies  greatly  accoi-ding  to  the  disti-i- 
bution  and  character  of  the  new  growths  of  lymphatic  tissue.  The  lym- 
phatic nodules  involved  nmy  be  principally  limite<l  to  the  subcutaneous 
connective  tissue  (dermal  lyi)e).  Or  the  lymph-nodes  of  the  pharynx 
and  neck  may  be  chiefly  involved  (tonsillar  type).  Or  the  axillary  or 
inguinal  or  mediastinal  or  retroiwritoneal  gi-oups  may  be  involved.     A 
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Aomewhat  characteristic  couditioii  in  produced  by  liyperplasia,  ofteu  fol- 
lowed by  ulccratioii,  of  the  lymph-Dodulea  of  the  giistro-intestiiial  tract 
(iutestiiial  type).  The  hyperplastic  lyuiph-uodes  may  be  isolated,  or 
they  may  be  joined  to  form  large  lobulated  masses.  The  enlarged  lymph- 
uodiiles  may  in  the  intestine  project  far  into  the  liimeu  in  spheroidal  or 
polypoid  form,  and  are  sometimes  dark  in  color  as  the  reanlt  of  the  de- 
composition of  heeraoglobin  of  estravasated  blood  in  the  congested 
mucous  membrane  covering  the  nodules.  Hyperplasia  of  the  thymus  has 
been  described  in  association  with  the  lesions  of  the  lymph-nodes.'  A 
distinct  sub-variety  is  that  which  terminates  in  lenkiemia.  In  general 
any  of  the  lymph-nodes  or  collections  of  lymphoid  tissue  may  be  in- 
volved, and  nearly  every  region  has  been  a  site  of  origiu  for  the  new 
growths  of  lymphoid  tissue,  so  that  a  great  variety  of  combinations  may 
be  seen. 

The  leucocytes  in  the  blood  may  be  slightly  increased  or  diminished, 
and  in  either  case  the  mononuclear  forms  are  usually  in  excess.  Myelo- 
cytes have  been  obser\ed  in  modei-ate  percentage,  but  never  in  such  pro- 
portions as  in  lenkiemia.' 

AN.SHU,  INFAKTCM  FSEUI>0-I.ETrE.Sl[ICA  (von  Jaksch). 

This  is  a  somewhat  peculiar  form  of  autemia  occurring  in  childien, 
and  characterized  by  progressive  aniemia,  by  a  considerable  increase  of 
leucocytes,  by  enlai^ement  of  the  spleen  and  liver,  and  often  by  hyper- 
plasia of  the  lymph-nodes. 

By  some  authorities  it  is  regarded  as  an  early  stage  of  lenkiemia.  by 
others  as  a  form  of  secondary  anaemia  following  rachitis,  tuberciJosis,  or 
syi>hilis. 

The  histological  changes  in  the  l>lood- forming  organs  are.  so  far  as  is 
known,  very  similar  to,  but  less  pronounced  than,  those  of  leukiemia. 

I  lirigidin  imd  Pin'-H.  Zifgler"s  Beitr.  /..  path.  Anat.  Bil.  xvi.,  p.  388. 

F.  OfifypFH,  Virch.  An;li.,'B«l.  cxliv.,  1806.     Supptemcnlhcrt,  p.  1. 

'Consult  Monte  and  Denjgran,  "Die  chronische  Aoteoiic  tl.  Kindesa Iters,"  Leipsic, 
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CHAPTER  II. 

THE  LTUPH-NODES. 

Qeneral  CharocteriBtics  of  the  LTinph-Nodss. 

It  ia  well,  in  studying  tlic  lesions  of  tlic  lymph -docIcs.  to  rumeniber  that  tbey  are 
Etructurea  so  ptaceil  in  llie  course  of  tlie  lymph- vessels  tliat  tlic  lympb,  in  flowing 
toward  the  larger  rcnlral  trunks,  passes  through  tlieni,  undergoing  a  sort  of  flltration 
as  it  percolutes  through  the  trabeculte  of  the  lymph  sinuses.  If  tliis  fact  be  borne  in 
mind  tile  lesions  of  tlie  lymph-nodes,  which  are  in  the  majority  of  cases  secondary,  are 
much  more  readily  understood.  Particles  of  pigment,  cells  from  malignant  tumors. 
fragments  of  dead  or  disintegrating  cells  cither  free  or  wltliin  phagocytes,  red  blood 
cells,  bacteria,  etc..  which  in  any  way  get  into  the  lymph -vessels,  are  carried  along 
until  a  lymph-uoile  is  reached,  and  here  tbey  arc,  in  part  at  least,  deposited  among  the 
trabecule  of  the  sinuses,  or  arc  taken  up  by  pliogoeytic  cells,  while  the  lymph  passes  on 
and  out  of  the  efferent  vessels.  Soluble  toxic  siihslauccs  also  are  carried  into  the  lymph 
nodes,  often  inciting  marked  and  signiflcant  alieradons.' 

What  is  called  lymphntie  tmue  embraces  not  only  the  so-called  lympli-glands  and 
the  less  complex  but  still  well-defined  structures  found  in  the  stomach,  intestines,  ton- 
sils, and  elsewhere,  and  called  lymph  follicles,  but  also  the  less  well-defined,  irreguhtr 
masses  of  tissue  resembling  that  of  lymph  follicles,  which,  as  Arnold  has  shown  (Vir- 
chows  Are/lie.  Bd.  Ixxx..  p.  315;  Bd.  Ixxxii.,  p.  394;  Bd.  Ixxxiii.,  p.  289:  Bd.  Ixxxvii., 
p.  114).  ia  widely  disseminated  in  variable  amounts  in  different  parts  of  the  body;  in 
the  lungs,  beneath  tlie  pleura,  in  the  interlobular  septa,  and  elsewhere:  in  the  liver, 
kidneys..etc.  Although  the  exact  nature  of  these  more  diffuse  masses  of  lymphatic 
tissue  Is  too  little  understood,  as  indeed  is  tliat  of  the  lymph  follicles  and  glands  them- 
selves, there  is  reason  to  believe  tliat  they  are  analogous  structures  and  prone  to  l>e 
affected  by  similar  deleterious  agencies.  It  seems  better,  in  view  of  the  fact  that  the 
so-called  lymph-glands  arc  not  glands  at  all.  in  the  ordinary  sense  of  the  word,  to  call 
them  Ismph-tiodf.  and  the  smaller  masses  of  lymphatic  tissue  scattered  through  various  ■ 
parts  of  the  body  Ij/iitp/i-jiodiitet  instead  of  "lymph  follicles," 


ATBrOFHT. 

Atrophy  is  a  \ery  regular  occurfciiee  in  old  age.  In  this  condition 
the  nodes  are  small,  hard,  and,  unless  pigmented,  light  in  color.  Micro- 
scopical examination  sho^rs  a  marked  diminution  in  the  number  of  par- 
enchyma cells,  while  the  reticulum  and  the  capsule  and  trabeculfe  may  be 
thickened.  There  may  be  an  accumulation  of  fat  around  the  node  in 
senile  atrophy. 

It  should  be  remembei-eil,  in  this  connection,  that  the  lymph-nodes, 
as  well  as  the  lymphatic  tissue  in  general,  in  children  are  more  volumi- 
nous than  in  adults. 

e  XiilOle,  JKluch.  med.  Wochen- 
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DEQENEBATION. 


Amyloid  Degeneratioa  of  the  blood-tessels  and  ret iculiiiu  of  the  lymph 
nodes  occurs  iiuder  tbe  conditions  which  favor  this  change  iu  general. 
It  may  occur  in  connection  with  amyloid  degeneration  of  other  paHs  of 
the  hody,  or  by  it«^lf.  It  may  occur  in  nodes  otherwise  normal,  or  iu 
those  which  are  the  sesil  of  other  lesions — thus  in  simple  chronic  or  tuber- 
culous inflammation.  It  is  frequently  found  in  the  mesenteric  Ij-mph- 
■  nodes,  in  connection  with  waxy  degeneration  of  the  intestinal  mucous 
membrane, 

Hyalis  S^^eration  of  the  external  layers  of  the  smaller  arteries  and 
the  capillaries  and  reticulum  of  the  lymph-nodes  occurs  occasionally  iu 
old  age  or  in  connection  with  wasting  diseases. 

FIGKEKTATION. 

The  pigment  which  is  very  frequently  found  in  lymph-nodes  may  be 
derived  from  the  hsemoglobin  of  the  blood,  either  in  the  nodes  themselves 
or  in  remote  parts,  or  it  may  he  formed  of  various  materials  introduced 


FIO.  3Cfl.— PKiMENTATm.l  Or  BRONCIIUL  LTMPH-NOM. 

Tba  piKmeoI  la  ImmerT  In 

into  the  body  from  without,  snch  aa  the  pigments  used  in  tattooing,  re- 
fipii-ed  dust  particles  of  \-arious  kinds— coal,  stone,  iron,  etc.  (Fig.  203). 
The  pigment  particles,  which  usually  first  lodge  in  the  lymph  sinuses, 
may  collect  here  in  large  quantities,  either  in  the  reticulum  or  the  cells 
lying  iu  its  meshes;  they  may  penetrate  the  follicles  and  cords  and  find 
permanent  lodgment  there.  They  usually  induce  a  greater  or  less  degree 
of  chronic  inflammation,  so  that  in  extreme  cases,  such  as  are  frequently 
seen  in  the  bronchial  lymph-nodes,  nothing  is  finally  left  of  the  node  but 
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a  more  or  less  deeply  pigmented  uass  of  dense  ooiiiiective  tissne.  The 
fuuctiou  of  tbe  uode  may  be,  of  couree,  iu  tkis  way  paiiially  or  eutirely 
destfoyed.  The  pigment  in  these  cases  appears  to  reach  the  uode,  in 
pai't  by  being  carried  along  free  in  the  IjTiiph  current,  in  part  through 
transportation  by  leucocytes  in  wliich  the  particles  have  become  enclosed. 
Pigmentation  of  the  nodes  is  most  marked  in  those  about  the  root  of  tbe 
Inngs,  which  are  frequently  of  a  mottled  gray  or  a  black  color,  but  it 
may  occur  in  the  mesenteric  and  other  nodes.  Under  similar  conditions 
the  diffuse  lymphatic  structure  iu  the  lungs  and  liver  may  be  pigmeuted. 


INFLAMMATION. 

Acute  Inflammatiou  of  the  lymph-nudes  is  commonly  due  to  the  pres- 
ence of  pathogenic  micro -oi^.in isms  or  of  toxic  substances,  usually  bac- 
terial in  origin,  which  may  be  formed  in  the  node  or  biought  to  it  iu  the 
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ShowinK  B  poTlInn  ot  onf  cif  ttap  nuwntriii'  nudn.  A.  C^pmilp :  B.  pprtfi>Uti'Utiir  spun'  or  lyiiiph  Hinus, 
coDUtnlnir  In  Jin  nii'FihEs  msaf  laigu  cfLIs  :  C.  portiun  ut  oni?  of  Uie  lolJIrJrs.  wltb  largp  and  etiiull  cells  la 
Uie  nutiliRi  <i[  [U  mh-ulum. 

lymph  current  from  the  tributary  region  of  the  body.  Under  these  con- 
ditions the  nodes  are  usually  swollen,  wddened,  and  softer  thau  nonnal, 
and  are  often  the  seat  of  small  hsmonhages.  One  or  all  of  the  nodes  of 
a  cluster  may  be  affected. 

Two  forms  of  the  a^-iite  infla minatory  process  may  conveniently  be 
recognized,  an  hypekplastic  and  an  ExroATiVE. 

In  the  HYPERPLASTIC  form  a  microscopical  examination  shows  tlie 
lesion  to  l>e  largely  due,  in  addition  to  the  hyperiemia  and  ha^morrliage, 
to  a  prolifei-alion  of  the  cells  of  tliu  node;  tlie  si)heix)idal  mononuclear 
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cells  of  the  uodules  ("follicles")  aiidcoitls,  and  especially  the  cndotlieliiil 
cells  of  the  lyiiipb  spaces  (Fig.  204),  which  may  increase  iu  uuiiiber  and 
esfoliutc  to  such  an  extent  as  to  fill  and  largely  di»t«ud  the  lymph 
sinuses.  These  endothelial  cells  often  contain  red  blood  cells,  leucocytes, 
and  fragments  of  other  cells  (Fig.  205).  In  typhoid  fever,  as  well  as  iu 
many  other  infectious  diseases,  necrosis  of  the  hyiierplastic  tissue  is  com- 
mon (see  p.  229). 

After  simple  hyperplasia  of  the  lymph-nodes,  resolution  readily  oc- 
curs. But  if  necrosis  have  taken  place,  such  areas  may  be  replaced  by 
fibrous  tissue. 

This  form  of  lesion  of  the  lymph-iio<le8  is  common.  It  may  occur  iu 
the  cervical  nodes  with  many  forms  of  augiua;  in  the  inguinal  nodes  iu 
connection  with  acute  infec- 
tious processes  in  the  external 
genital  organs;  in  the  axilla 
with  infections  processes  in  the 
hand,  arm,  or  brciu^t ;  iu  the 
mesenteric  nodes  with  infection 
or  intoxication  of  intestinal  or 
other  origin.  Similar  lesions  .'^  -J^7 
occur  in  the  solitary  lym])h  -  ■  \.  "J . 
nodules  and  Peyer's  patches  of        \  ^ 

the  intestine  (Fig.  20G).  ^-•*-  ' 

In  EXI'DATIVE  or  suppur»-      fio-  afi-Kvuor 
tire  fonns  of  inflaniiuation  of 
the   lymph-nodes,   iu  addition 
to    the     simple     hyperplastic 

changes  just  deserilK'd,  theiv  aiv  emignitiou  and  collection  of  leucocytes, 
with  the  formation  of  mon-  or  less  fibrin  in  the  lym]>h  siutiHes  as  well 
iis  in  the  interstices  of  the  nodules.  The  capsule  of  the  uotU'S  may  Iw 
intiltr.ilcd  with  exudate.  With  these  changes  there  may  be  neci-osis  and 
softening  of  the  tissue  of  the  nodes  and  the  de\clopnient  of  abscesses. 
Small  abscesses  may  coalesce,  and  thus  a  eonsidei-able  part  of  the  node 
is  eoniertiHl  into  a  suppurating  ne*'rotic  uia.ss — bubo.  Such  a  bubo  may 
o|>cn  externally  or  into  the  surrounding  tissue  and  heal  by  granulation 
tissue  and  cicatricial  tissue;  its  contents  may  Im  absorlx-d  or  become 
dry  and  dense  and  calcified,  and  suri'oundcd  by  fibrous  tissue.  Suppu- 
rative inttamination  of  the  lyniph-uodes  often  occurs  iu  connection  with 
suppundive  pi-ocesses  eLiu'wliei-e,  in  pyiemia,  venereal  infection,  etc. 

The  lymph-nodes  of  childivn  ai-e,  as  a  iiUe,  uioi-e  i-eadily  invol\ed  in 
infectious  pmcesscs  of  other  parts  than  are  those  of  adulta 

Chronic  Inflammation.— This  is  characterized  by  the  increase  of  the 
connective -tissue  elements  of  the  node,  with  a  gradual  and  commensurate 
disiipi>earance  of  the  lymphoid  cells.  The  reticulum  of  the  follicles  and 
sinuses  lK'C(»mcs  thickened  and  Jibrous.  and  in  the  tniljeculte  and  capsule 
new  connective  tissue  is  fomied,  until,  in  advanced  cjiscs,  the  entire  nmle 
may  be  more  or  less  extensively  converted  into  a  injiss  of  fibrous  tissue. 


Tbe  exCollatnl  c< 
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This  couditioii  is  very  frequently  seen  in  the  lower  tracheal  and  iu  the 
hrouchial  nodes,  apparently  as  a  result  of  the  lodgment  in  tlieni  of  re- 
spired pigment  particles;  but  it  may  occur  in  any  uodes,  either  as  a  result 
of  repeated  moderate  degrees  of  inflammation  or  from  caiLses  which  we 
do  not  know.  In  some  cases  the  nodes  are  greatly  enlarged  and  the 
new  tissue  contains  many  large  cells,  while  in  other  cases  the  connective 
tissue  is  dense  and  contains  but  few  cells  (Fig.  207).' 

TabercnloDB  Inflammation  may  be  local,  confined  to  the  nodes,  or  it 
may  occur  in  conueetiou  with  general  acute  miliary  tuberculosis,  or  with 


Fia.  ML— HvrKRPLASiA  or  Pkteb'b  Patch  in  TrniorD  Fkvrr. 

BtKncIng  neir-finiu«I  endoUieUBI  cplte  Id  Out  aunitfa  ot  Uw  i^UcuIbt  liasiut  between  Ute  blood-reiBela. 

tuberculous  inflammation  of  single  organs.  It  may  occur  in  single  nodes, 
or  iu  sevei-al  nodes  of  the  same  group,  or  in  groups  situated  in  different 
parts  of  the  twdy.  In  its  simple  and  acute  foim  there  may  be  no  evi- 
dent change  to  the  naked  eye  iu  the  appearance  of  the  nodes,  or  they  may 
be  besprinkled  with  small,  grayish-white,  tmnslucent  spots.  Under  these 
conditions  the  nodes  may  be  reddened  and  soft^  or  swollen  aud  denser 
than  normal.  In  more  advanced  forms  of  the  lesion  the  tubercles  coalesce 
and  undergo  a  greater  or  less  degree  of  cheesy  degeneration.  Under 
these  conditions  the  cheesy  areas  are  evident  to  the  naked  eye  as  more  or 
less  sharply  circumscribed,  opaque,  whitish  or  yellowish  areas,  frequently 
surrounded  by  an  irregular,  more  translucent,  grayish  zone  of  tuberele 
tissue  which  merges  insensibly  into  the  adjacent  tissue.  The  entire  node 
may  become  involved,  and  more  or  less  completely  converted  into  a 
cheesy  mass,  in  the  periphery  of  which  a  zone  of  tubercle  tissue  may  or 
may  not  be  evident. 

Microscopically  the  small  nodules  or  miliary  tubercles  are  seen  to 
consist  of  more  or  less  circumscribed  collections  of  small  spheroidal,  or 
more  frequently  lai^r  polyhedral  cells,  with  or  without  well-defined 
giant  cells.  They  usually  commence  to  form  in  the  follii^les  and  lymph 
cords  of  the  nodes,  and  from  these  may  spread  and  involve  the  entire 
surreunding  tissue.  The  cheesy  degcnei-ation,  which  here  as  elsewhere  is 
apt  first  to  involve  the  central  portions  of  the  tubercles,  presents  the 
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usual  appearances.  Tubercle  bacilli  may  be  fouud  in  the  edges  of  the 
cheesy  ureas  or  in  the  tubercle  tissue  alH>ut  them. 

Siiupte  iuflammatury  changes  regularly  occur  in  the  jreriphery  of  the 
tubercles.  There  is  au  iucrease  of  cells  in  the  lymph  siuuses  and  follicles, 
aud  a  more  or  less  marked  swelling,  and  a]ipareutly  a  pi'oliferatioii  of  the 
cells  of  the  reticular  tissue  of  the  node.  In  cases  in  which  the  process  is 
chronic  there  is  often  marked  increase  of  the  connective  tissue  of  the 
nodes,  the  reticular  tissue  becomes  dense  and'Hbrous,  and  the  traberulse 
and  capsule  are  thickened.  The  tubercles  themselves,  instead  of  under- 
going cheesy  degeneration,  may  become  fibrous  or  be  converted  into  a 
hyalin  material. 

The  cheesy  material  may  dry  and  shrink,  and  become  enclosed  by  a 
capsule  of  dense  connective  tissue  and  become  calcified ;  or  it  may  soften, 
aud  thus  cavities  be  formed  in  the  node-s,  filled  with  grnmous  material ; 
or  inflammatory  changes  may  be  induced  in  the  vicinity  of  the  nodes, 
leading  to  abscesses.     On  the  other  hand,  hyperplastic  inflammation  iu 


Fia.  aOT.— CHROSTC  IKFLAXMATIOK    OT  BnONCHI*!.  I.T1IPH-N0DI1. 

wln(t  iibllleralliiii  ot  IhH  I  jmpli  sinuses  and  alrophT  ot  the  lyniph-DOdulw  by  Ibe  ncw-forniBd  coDnecUre 


the  periphery  of  the  affected  nodes  may  result  In  their  becoming  bound 
togethei-  into  a  dense  nodular  ma-ss. 

S<'ROFiiLA. — Tuberculous  iudanuuation  of  the  lymph-nodes,  especially 
iu  thttse  of  the  cervical,'  bronchial  (Plates  iii.  aud  xi.),  and  mesenteric 
groups,  often  occurs  in  children,  particularly  in  those  who  are  ill-nour- 
ished. Sorthrup  and  Bovaird  found  in  an  analysis  of  200  cases  of  tu- 
berculosis in  children  that  the  lungs  aud  bronchial  lymph-nodes  were 

c  Dozed.  Annals  o!  Bur- 
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involved  in  148.'  Sucli  persons,  in  addition  to  the  lesion  of  the  lymph- 
nodes,  are  very  liable  to  suflfer  from  chronic  tnherculons  and  other  in- 
flammations of  the  mucous  membranes,  skin,  periosteum,  joists,  and  the 
subcutaueons  and  other  couiiective  tissues.  This  general  condition  is 
known  as  scrofula,  and  the  lesion  of  the  nodes  is  sometimes  called  scrofu- 
lous inflammation. 

Wliile  in  many  cases  the  portal  of  entry  of  the  tul)ercle  bacilli  is  not 
evident,  and  the  lesions  often  present  the  appearance  of  hyperplasia  of 
the  lymphoid  tissue  with  cheesy  degeneration  and  the  fonnation  of  more 
or  less  dense  fibrous  tissue  rather  than  the  typical  charaetei-s  of  tubei-en- 
lous  tissue,  ncvertiieless,  miliary  and  other  forms  of  tuberculous  inflam- 
mation are  often  present  in  so-called  scrofula,  and  tul>ercle  bacilli,  while 
sometimes  absent,  are  often  present  and  vinilent.' 

The  necrotic  portions  of  such  cheesy  lymph-nodes  in  scrofula  may 
soften  and  break  down,  and  by  the  establishment  of  purulent  and  necrotic 
inflammation  about  them  abscesses  may  form  which  nuiy  open  externally. 
These  abscesses  may  heal ;  but  usually  the  healing  is  diflicult  and  slow, 
and  long-continued  suppurations,  frequently  with  the  development  of 
flstulfe,  arc  very  commou.  Instead  of  softening,  the  cheesy  material  in 
the  nodes  may  become  dry  and  hard  and  undergo  calcification. 

Generalized  Tuberculous  Lymphadenitis. — Several  eases  have 
been  recoi-ded  of  extensive  tuberculous  hyperplasia  of  the  lymph-nodes 
in  various  parts  of  the  body,  the  lesion  resembling  in  its  gross  characters 
that  of  pscudo- leukaemia.  While  in  some  of  these  cases  the  morphology 
of  the  lesions  is  characteristic  of  tubei-culosis,  in  others  the  new  tissue  is 
diffuse  and  consists  largely  of  new-formed  small  spheroidal  and  poly- 
hedral cells  with  large  multinuclear  cells  and  of  librous  tissue.  The  new- 
formed  cells  may  undergo  necrosis.  Thus  the  tuberculous  nature  of  the 
lesion  is  not  always  plain  even  on  microscopic  examination.  Animal 
inoculations  are  often  necessary  for  the  establishment  of  the  nature  of 
such  cases. ' 

Syphilitic  Inflamnuttion. — The  lesions  of  the  lymph-nodes  which  occur 
in  connection  with  syphilis  varj'  gi-eatly,  depending  upon  the  stage  of  the 
disease.  In  the  primary  stage  the  nodes  in  the  region  of  the  seat  of  in- 
fection are  apt  to  pi-eaent  the  lesions  of  an  ordinary  acute  infliunmation, 
frequently  with  suppuration. 

In  the  secondary  stage  of  the  disease  the  nodes  of  other  regions,  neck, 
elbow,  axilla,  etc.,  are. often  swollen  and  hard.  On  microscopic  exam- 
ination there  may  be  au  increase  of  connective  tissue  in  the  capsule  and 
trabeculte,  but  the  chief  change  is  in  the  accumulation  in  the  follicles  and 
lymph  sinuses  of  larger  and  smaller  spheroidal  and  polyhednvl  cells. 

'  For  a  considenition  of  the  signifi wince  of  tuberculous  bronchial  lympli -nodes  in 
children,  consuk  Xr/rUirup,  New  York  Medical  Journal,  February  '21,  1801;  also 
Bmalrd.  ibid..  July  1.  1899.    See  further,  reference  to  Marfan,  p.  443. 

•For  a  full  bibliography  of  scrofula  see  Cornet.  In  Nothnagers"8peciellePalhoIogie 
u.  Thenple."  Bd.  xlv.,  Th.  iv.  For  a  study  of  variations  in  virulence  in  tubercle  ba- 
cilli !d  scrofulous  and  other  tuberculous  leaionn  see  lAirtigan,  Jour.  £.<(p.  Med.,  vol.  vi. 

•For  a  study  of  this  form  of  lubi'rculosis,  consult  Cniir^r,  New  York  Medical 
Juiirnal.  September  IQili  and  32<l,  1901).  bibl. 
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The  reticular  tissue  may  be  tliickeiietl  and  the  walls  of  the  blood-vessels 
infiltrated  with  cells.  In  this  ounditiou  the  uodes  may  reiiiaiu  for  a  long 
time,  not  tending  to  form  abscess;  or  they  may  undei^o  resoiutiou 
through  degeneratiou  and  absorption  of  the  ct^lls. 

lu  the  tertiary  stage  of  the  disease  the  nodes  may  be  the  seat  of  chronic 
inflatuiuation  characterized  by  tlie  formation  of  guniuiata.  Under  these 
conditions  they  may  form  large,  firm  nodular  masses  from  the  growing 
together  by  new  connective  tissue  of  several  altered  nodes.  The  gross  and 
microscopicalcharactersofgumniata  of  the  lymph-nodes  are,  in  the  main, 
similar  to  those  in  other  pails  of  the  body. 

H7PEBPI.ASIA  OF  THE  LTMFH-NODES.    (Lymphoma.) 

Inadditiuu  (o  the  considerable enlaigements  of  the  lymph-nodes  in  in- 
flammation which  have  been  descriUKl  above,  they  become  enlatT^ed  under 
a  variety  of  conditions  which  we  do  not  understand.  This  lack  of  knowl- 
edge of  the  etiology,  together  with  our  ignorance  of  certain  functions  of 
the  lymph-nodes,  and  the  morphological  similarity,  or  e^'en  identity, 
which  these  enlaiged  nodes  present  under  various  conditions,  render  it 
very  difficult  to  decide  upon  the  exact  nature  of  the  change,  and  in  many 
cases  to  distinguish  one  form  of  eidai^ement  fcom  another. 

In  the  first  place,  thei'e  is  a  class  of  cases  in  which,  sometimes  slowly, 
sometimes  with  great  rapidity,  the  lymph-nodes  of  certain  regions,  espe- 
cially the  abdominal,  axillarj',  eer\'ieal,  and  inguinal,  enlarge,  not  in- 
frequently to  an  enormous  extent.  They  may  be  either  hard  or  soft,  even 
almost  fluctuating;  the  individual  nodes  nuty  l>e  distinct  or  merged  into 
one  Another.  Sometimes  the  nodes  in  nearly  all  parts  of  the  body  are 
affected.  Microscopic  examination  shows,  in  the  soft  varieties,  a  large  in- 
crease of  small  spheroidal  and  polyhedral  cells  and  a  gronth  of  the  retic- 
ular tissue.  It  is  a  new  formation  of  lymphatic  tissue,  but  the  normal 
rehUions  of  follicles,  cords,  and  lymph  sinuses  are  not  preserved.  In  the 
harder  varieties  there  is  a  thickening  of  the  reticular  tissue  in  addition  to 
an  increase  of  cells.  lu  rare  cases  portions  of  the  nodes  become  necrotic. 
Sometimes  larger  and  smaller  haemorrhages  occur  in  the  nodes,  especially 
in  the  softer  forms.  In  addition  to  these  changes  iu  the  lymph-nodes 
there  is,  in  a  considerable  proportion  of  cases,  a  new  formation  of  lymph- 
atic tissue  in  greater  or  less  qmtntity  in  other  parts  of  the  body,  in  the 
spleen,  in  the  gastro- intestinal  canal,  iu  the  marrow  of  bones,  in  the  liver, 
kidneys,  etc.,  and  the  number  of  lymphocytes  in  the  blood  and  in  other 
pai'ts  of  the  body  is  increased.  This  genenil  condition  is  known  as 
leukteniia  and  has  been  considered  above,  under  diseases  of  the  blood  and 
blood-forming  organs.  The  enlarged  lymph-nodes  iu  this  disease  may 
be  called,  for  convenience,  Jenlcmnic  Ji/mpkomata. 

In  the  second  place,  there  is  a  form  of  disease  resembling  leukemia 
iu  many  respects,  particularly  in  the  lesion  of  the  lymph-nodes,  usually 
with  a  less  prominent  involvement  of  the  spleen  and  other  lymphatic 
structures,  and,  which  is  more  striking,  no  iucrease  in  the  number  of 
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leucocytes  iu  the  blood.  This  is  called  HodgkiH's  disease,  or  paeado-Jeu- 
kwrnia,  and  the  enlarged  lymph-nodes  may  in  this  case  be  called  pseitdo- 
leuktemic  lympkomata.  The  lesions  of  the  lyinph-nodes  are  apparently 
similar  in  both  diseases,  but  it  is  convenient  to  assign  different  names  fo 
tbem  because  tbey  seem  to  arise  under  different  conditions  and  (o  be 
associated  with  a  eonstaiit  difference  in  the  character  of  the  blood. 
There  is  some  reason  for  the  conjecture  that  Hodgkin's  disease  may  be 
iufections  iu  its  nature.  Whether  the  pyogenic  cocci  and  the  pueumo- 
eoccus  which  have  beeu  found  iu  the  lesions  are  the  excitants  or  uot  is 
not  yet  certain. 

Le  Count  has  receutly  described  a  benign  tumor — lymphomar— iu  the 
groin  having  the  stiucture  of  a  lyniph-uode.'  A  form  of  generalized 
tuberculous  Ijnnphadeiiitis  which  may  be  mistaken  for  Hodgkin's  dis- 
ease is  described  above. 

TUK0B8. 

Sarcoma  oecuro  iu  the  lymph-nodes  as  a  primary  and  secoudary  tumor, 
and  may  be  of  variou!?  forms:  spiudle-celled,  lai^  aud  small  round- 
celled,  and  angio-sareoma.  It  is  not  easy  iu  many  cases  to  distinguish 
morphologically  between  the  small  rouud-celled  sai-eomata  and  the  above- 
described  lymphomata,  but  hi  general  the  leuksemie  aud  pseudo-leuksemic 
lymphomata  remain  circumscribed,  while  the  sarcomata  tend  to  break 
through  the  node  capsule  and  invade  the  surrounding  tissues.  Fibroma, 
mTXoma,  and  chondroma  occur  in  the  lymph  uodes,  but  are  rare.  Eodothe- 
liomata  are  described,  but  are  not  common.  Secondary  oarcinomata  are 
of  fi-equent  occurrence,  the  form  of  the  cells  and  the  nature  of  their 
growth  depeuding  upon  the  seat  and  character  of  the  primary  tumors. 


PABASITES. 

Aside  from  the  various  forms  of  bacteria  which  are  not  infrequently 
found  in  tlie  lymph-nodes  in  infections  diseases,  among  the  animal  para- 
sites filaria,  trichina,  and  pentastomnm  have  beeu  described. 

HJBHOLTUFH  NODES. 

Numerous  observers  have  dcstribed  the  oecurreace  io  man  and  certain  of  Uie  lower 
tuiimala,  under  Donnal  as  well  as  palliological  conditiiios,  of  structures  wUich  resemble 
lymph -nudes,  but  are  usually  smuller  aod  are  red  ur  mottled  red  aud  white.  In  mao 
they  are  found  especially  in  tlie  prevcrlabral  fat,  in  the  deep  cervical  region,  in  tlie 
retro puritonral  region,  near  the  renal  vessels,  and  about  the  lini  of  the  pelvis.  Tliey 
are  normally  present,  but  they  may  be  more  conspicuous  under  certain  pathologi- 
cal conditions — pernicious  amemla.  acute  infections.  Intoxications,  etc.  Their  color  is 
due  to  the  presence  of  blood  in  the  sinuses  of  the  nodes.  Then  are  nunierous  transi- 
tional forms  between  nodes  containing  lymph  sinuses  only  and  those  which  more  nearly 
resemble  the  spleen  in  character.  Tbey  become  more  prominent  and  are  increased  In 
number  after  splenectomy  in  animals.'     These  structures  do  uot  appear  to  be  lymph- 

'Jour.  Exp.  Med.,  vol.  iv.,  p,  5.59,  bibliography  ot  lymphoma. 
'See  Warthin.  "Vaughan  Anniversary  Contributions  to  Medical  Kesearch."  1903, 
p.  216- 
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sodes  In  which  blood  hns  accumulated  from  hypertemia  or  htemoirhage,  and  the  sinuses 
vODtaining  blood  ma;  be  iojected  from  Ihe  blood-vessels.  Id  the  most  typical  forme  of 
lixmolympU  nodes,  the  cortical  and  medullary  poriions  are  not  well  defined  and  the 
germinal  areas  in  the  lymphoid  tissue  are  less  marked  than  in  lymph  nodes.  Many 
large  cells,  probably  prolifcn)te<l  endothelium,  containing  red  blood-cells  and  blood  pig- 
ment, arc  usually  prL'scnt  in  the  lymph  sinuses.  In  addition  lo  these,  pliagooytic  cells, 
eoslnophilcs.  and  mast  cells  may  be  present. 

In  the  opinion  of  Wartbin.'  who  has  made  especially  careful  studies  of  the^e  struct- 
ures and  of  others,  they  arc  inconstant  or  variable  organs  related  to  but  distinct  from 
^mpli-nodos,  and  Laving  spiK^ial  hsmotytic  anil  possibly  other  functions.  The  studies 
cf  Dayton  in  general  confirm  the  conclusions  of  Warthin.' 


'  For  a  full  and  excellent  summarv  of  this  subject,  with  bibliography,  consult  War- 
thin.  Trans.  Chicago  Pathological  Society,  November  12tli.  1B03.  For  a  study  of  the 
development  of  htemolymph  nodes  In  adipose  tissue,  sec  Proc.    Path.  Soc.  of  Phila., 
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^Dayton,  Am.  Jour.  Hed.  Sciences,  vol,  cxxvli.,  p.  448. 


Digitized  byGoOgIC 


CHAPTER  III 

THE  SPLEEN  AND  THYMUS. 

The  Spleen. 

Oeneral  Cbaracteristics  of  the  Spleen. 

In  studying  the  IceIods  of  tlic  spleen  ii  is  important  to  hear  in  mind  Uie  peculiai 
relations  in  which  ttiis  organ  stands  tu  tlic  bIcKxl- vessels  and  to  tlic  circulaiioa.  After 
passing  through  the  various  brandies  of  liie  splenic  artery  aud  the  limited  systems  of 
capillaries  which  are  associated  with  it.  tlie  blood  is  not  received  at  once  into  venous 
trunks,  as  in  other  pans  of  the  body,  but  is  poured  directly  into  the  pulp  tissue.  In 
this  it  circulates,  uuder  conditions  which  render  it  liable  to  stagnation  and  undue  accu- 
mulation, before  it  is  taken  again  into  well-dcflned  vessels  through  tlie  open  walls  of 
the  cavernous  veins.  Moreover,  these  conditionH,  naturally  unfavorable  to  undlsturlied 
and  vigorous  circulation,  are  reinforced  by  the  association  of  the  splenic  with  the  slug- 
gish and  often  inteirupted  portal  circulation.  Bearing  these  considerations  in  niind.  it 
is  in  a  measure  plain  why,  as  is  in  fact  the  case,  the  spletiii  should  be  more  liable  to 
alterations  in  size  than  any  other  organ  in  the  body,  and  why.  serving  as  It  does  as  a 
sort  of  blood  filter,  it  should  be  especially  susceptible  to  the  inlluence  of  deleterious 
materials  of  various  kinds  which  in  one  way  or  another  gain  access  to  the  blood.  The 
relationship  between  the  lymph- vessels  and  the  spleen  is  also  intimate. 

Malfbnoations  and  Displacraients. 

The  spleen  may  be  absent  in  acephalous  nionsit-i's.  aud  with  defective  development 
of  other  abdominal  viscera.  Absence  of  the  spleen  in  otherwise  normally  develojied 
individuals  has  been  recorded.  There  may  in  this  condition  Ik  a  compensatory  hyper- 
plasia of  the  lymphatic  tissues  of  the  body.'  Small  accessory  spleens,  from  the  size  of 
a  hazelnut  to  that  of  a  walnut,  are  not  infrequent.  They  usually  lie  close  to  the  spleen, 
but  may  be  at  a  considerable  distance  front  it;  thus  they  have  been  found  embedded  in 
the  head  of  the  pancreas.'  1'wo  spleens  of  about  equal  sfze  have  been  observed.  The 
spleen  may  be  made  up  at  several  distinct  lobes,  ll  may  be  displaced  ctingenitally  or 
as  the  result  of  disease.  It  may  beou  the  right  side  in  transposition  of  the  viscera.  As 
the  result  of  congenital  defects  in  the  diaphragm  the  spleen  may  he  found  in  the  thorax ; 
or  in  deficient  chisure  of  the  abdominal  wall  it  may,  together  with  other  abdominal  vis- 
cera, be  found  outside  of  the  boily. 

The  spleen  may  lie  pivssed  downward  by  any  increase  In  the  contenla  of  the  thorax. 
It  may  be  bound  by  adhesions  to  the  concave  surface  of  the  diaphmgm,  so  that  its  long 
axis  is  nearly  hori/ontal  instead  of  vertieal.  It  may  be  displaced  by  changes  in  the 
contents  of  the  alKloniinal  cavity.  If  the  oigau  be  increased  in  size  it  frequently  be- 
comes tilted,  so  Ihiit  its  lower  border  readies  the  light  iliac  region.  If  the  ligaments  be 
too  long  con geni tally,  or  if  llicy  are  lengthened  by  traction,  and  it  the  organ  is  at  tlie 
same  time  Increased  in  weight,  it  may  become  very  movable.  It  may  sink  downward, 
with  its  hilus  tumeii  upwanl ;  or  it  may  be  rotated  on  its  axis,  and,  owing  to  torsion  of 
the  vessels  thus  jiroduccd,  the  organ  may  atrophy :  or  the  pressure  of  the  ligaments  and 
vessels  across  the  duodenum  may  cause  occlusion  of  tlie  gut. 

'  See  llodenpyl,  Med.  Record,  November  12th,  1898,  bibl.  For  a  study  of  the  effect 
of  spleneetomv  in  animals  on  the  luvmolvmph  nodes  see  Warthin.  "  Vaugban  Anniver- 
sary Contributions  to  Med.  Hcseardi,"  iftlS,  p.  216. 

'  lluimolymph  nodes  may  be  mistaken  for  accessory  spleens. 
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WOTTN'SB,   RTTFTUILE,  AlTD  HiEUOBBHAGE. 

Woimdi  of  the  Riileeii  ai'e  imusilly  accoinpiiiiivtl  by  oxleiisive  htemor- 
rhage  and  are  commonly  fatal.  Death  usually  ocpui-s  as  the  result-  of 
this  hemorrhage,  but  it  may  be  due  to  seeoudaiy  iufiammatory  changes. 
Healing  and  i«covery  may,  however,  occur, 

Knptare  of  the  spleeu  may  be  traumatic  or  spontaneous.  In  the 
former  cawe  it  may  be  due  to  direct  violence  in  the  legion  of  the  organ 
or  to  iujnrj'  to  the  thorax,  fall.--,  etc.  In  certain  diseased  conditions  the 
spleen  is  more  liable  to  rupture  than  when  it  is  normal.  The  rupture 
usually  involves  uot  only  the  capsule,  but  a  more  or  less  considerable 
portion  of  the  pareuchjTna,  and  of  course  leswls  to  hipmorrliage.  Spon- 
taneous rupture  is  rare,  but  may  occur  in  exceR.si\'e  enlargement  of  the 
organ,  as  in  typhoid  fever,  malaria,  etc. — see  below — or  as  the  result  of 
abscess. 

HtemorrhBge. — Aside  from  the  extensive  hfemorrhages  from  injury  and 
ruptui-e,  the  spleen  may  be  the  seat  of  sntall  circumscribed  hsemorrhages 
in  various  infectious  diseases,  although,  owing  to  the  peculiar  distribu- 
tion of  the  blood,  it  is  often  very  difRcult  to  distinguish  between  a  mod- 
erate interstitial  hremonhage  and  hypenemia.  Sacculated  aneurism  of 
the  splenic  arteiy  has  been  reported. 


ATBOFHT. 

Atrophy  of  the  spleen  may  occur  in  old  age ;  as  a  result  of  prolonged 
eachexiie,  and  iu  connection  with  profound  and  persistent  anemia;  or, 
more  rarely,  fi-om  unknown  causes.  The  capsule  may  be  wrinkled  and 
thickened,  the  color  pale,  the  trabeculse  prominent,  the  consistence  in- 
ci-ciised.  The  change  is  largely  in  the  pulp,  whose  pareuchyma  cells 
are  decreased  in  number. 

DEOENEBATION. 

Amyloid  Degeneration. — This  may  affect  the  glomeruli  or  the  pulp 
tissue,  or  both  together.  When  conflned  to  the  glomeruli  the  spleeu  may 
or  may  not  be  enlarged,  and  the  cut  surface  is  more  or  less  abundantly 
sprinkled  with  round  or  elongated,  translucent  bodies  resembling  consid- 
erably in  general  apiH-arance  the  grains  of  boiled  sago.  These  ai-e  the 
waxy  glomeruli.  Sucha  spleeu  is  often  called  "sago  spleeu"  (Fig.  208). 
Microscopical  examination  shows  that  the  degenei'atiou  is  eonfiued  to  the 
walls  of  the  arteries,  capillaries,  and  i-eticulnm  of  the  glomeruli,  with 
atrophy  and  often  finally  total  disappearance  of  the  lymphoid  cells. 

In  other  ea-ses,  either  with  or  without  involvement  of  the  glomeruli, 
there  is  waxy  degeneration  of  the  blood -ves-sels  and  reticulum  of  the 
pulp,  which  may  occur  in  patches  or  be  general  and  more  or  less  ex- 
cessive. If  the  alteration  is  general  and  considerable  the  spleen  is  en- 
larged, its  edges  are  rounded,  its  consistence  is  increased. 
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appears  translucent,  and  the  distribution  of  the  degenerated  areas  maybe 
readily  seen  by  holding  a  thin  slice  up  to  the  light.  The  spleen  may  be 
alone  affected,  or  there  may  be  similar  degenerations  in  other  oi^ans. 


PIOHBKTATION. 

This  may  occur  as  the  result  of  the  decomposition  of  htemi^lobiu  in 
the  organ  or  elsewhere,  under  a  great  variety  of  conditions:  thus  after 
hiemorrhagic  infarctions,  small  multiple  hiemorrhages,  acute  hyperplastic 
splenitis,  and  in  bffiniaehromatosis,  etc.  Or  the  pigment  may  be  antbra- 
cotic  and  be  brought  to  the  organs  from  the  lungs  or  bronchial  nodes; 


FIO.  20B.— AHTLOID    Dm KNK ration  OP  TIIK  ULOMERI'LI    Or  THE  SPLlfIN— "SlOO  BPLKEN." 

bile  pigment  may  also  be  deposited  in  the  spleen  in  jaundice.  The  pig- 
ment may  lie  in  the  walls  of  the  smaller  aileries,  in  the  cells  and  relicu- 
Inm  of  the  pulp,  or  free  in  the  latter  tissue,  or  iu  the  folliclea  It  is 
iisually  quite  unevenly  distributed.  The  pigment  may  be  red,  brown, 
or  bliick.  According  to  Weigert  anlhracotic  pigment  may  be  sometimes 
se<'n  with  the  naked  eye  in  the  periphery  of  the  glomeruli  as  dark 
crescents. 

DISTUBBAHCES  OF  THE  CZKCITLATION. 

Aasmia, — Tills  may  be  associated  with  general  aniemia,  bnt  it  is  not 
always  present  in  this  condition.  \Mien  marked  and  unassociated  with 
other  lesions  the  spleen  is  apt  to  be  diminished  in  size,  the  capsule  moi-e 
or  less  wrinkled,  the  cut  surfaee  dry  and  lighter  in  color  than  normal, 
the  trabcculie  unduly  prominent. 

In  this,  as  in  other  alterations  simply  of  the  blood  content  of  the 
spleen,  neither  the  gross  nor  microscopical  appearances  arc  constant,  be- 
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cause  of  the  redistribution  of  blood  which  is  apt  to  occnr  iu  the  viscera 
after  death. 

Hypenemia. — Passive  hyperemia  may  occur  in  obstruction  to  the 
portal  circulatiou,  most  frequently  in  cirrhosis  of  the  liver,  but  also 
with  certain  valvular  lesions  of  the  heart,  emphysema,  etc.  The  spleen 
is  enlarged,  but  usually  only  to  a  moderate  degree.  Tlie  capsule  is  apt 
to  be  tense,  and  on  section  the  pulp  is  dark-red  and  may  be  soft  or  firm. 
The  cavernous  veins  are  dilated  (Fig.  209),  Usually,  when  the  lesion 
has  extsfed  for  some  time,  there  is  a  thickening  of  the  tmbecul^e  and 
reticular  framework  of  the  spleen,  so  that  these  are  prominent  on  set^tiou. 


Fta.  an.— I 

I),  Dilated  caTemoui  velDa;  e,  trabecula  ol  pulp  tissue  comprvased  betwmn  dilated  cavemotu  Telns;  d. 
Klumerulus. 

In  other  words,  there  is  a  chronic  interstitial  splenitis  following  the 
chronic  congestion. 

Active  HvpER.tiMiA  of  the  spleen,  which  iu  most  cases  is  scarcely 
to  be  differentiated  from  some  forms  of  acute  inflammation,  and  pi-obably 
in  many  cases  is  associated  with  it,  very  frequently  occurs  in  a  great 
variety  of  acute  and  infectious  diseases,  such  as  typhoid  fever,  pneu- 
monia, diphtheria,  pyiemia,  the  exanthemata,  etc.  The  spleen  is  en- ' 
larged,  the  capsule  tense ;  on  section  the  pulp  is  soft,  dark-red  in  color, 
often  swelling  out  from  the  cut  surface  aud  concealing  the  glomeruli  and 
trabeculte.  Under  these  conditions  the  cavernous  veins  are  distended 
with  blood  and  the  interstices  of  the  pulp  infiltrated  with  a  variable, 
sometimes  large  quantity  of  red  and  white  blood  cells.  Or,  in  addition 
to  this,  there  may  be  hyperplasia  (see  below). 

Embolism  and  In£arctioii  of  the  Spleen. — Embolic  infarctions  of  the  spleen 
are  of  frequent  occurrence.  They  may  be  single  or  multiple,  small  or 
very  lai^e,  sometimes  occupying  half  of  the  organ.  ITiey  are  in  general 
approximately  wedge-shaped,  corresponding  to  the  area  of  tissue  sup- 
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plied  by  the  occluded  artery  (Fig.  14,  p.  70),  They  may  be  hiemor- 
rhagic,  i.e.,  ved,  or  they  may  be  wbite.  Infarctions,  origiually  red,  may 
become  white  after  a  time  from  changes  in  the  blood  pigment.  They  may 
usually  be  seen  as  dark-red,  reddish- white,  or  while,  hard,  sometimes 
slightly  pi-ojecting  ai'eas  on  the  surface  of  the  organ.  Sot  infrequently 
the  centre  of  the  infarction  is  light  in  color,  while  the  peripheral  zone  la 
dark-red.  A  layei-  of  fresh  fibrin  is  sometimes  seen  over  the  surface  of 
the  infarction.  The  general  as  well  as  the  micioscopieal  appeai'ances 
which  they  present  depend  lai^ely  upon  the  age  of  the  infarctions.  Iii 
the  earlier  stages  the  luemorrlmgie  infarctions  present  little  more  under 
the  microscope  than  a  compact  mass  of  red  blood  cells,  among  which 
may  be  seen  the  compivssed  parenchyma.  The  white  infarction  may 
show  at  first  an  outline  of  the  splenic  structure,  but  the  entire  tissue  is 
in  a  condition  of  coagulation  necrosis.  The  tissue  may  disintegrate  and 
soften,  and  be  more  or  less  completely  absorbed,  with  or  without  fatty 
degeneration.  A  zone  of  inflammatory  tissue  may  appear  around  the 
infarction  and  upon  the  capsule,  and  this  tissue,  becoming  denser,  as- 
sumes the  chfkracters  of  a  cicatrix  and  contracts  around  the  uuabsorbed 
remnant  of  the  infarction,  so  that  finally  nothing  may  be  left  but  a  dense 
mass  of  fibrous  tissue,  which  frequently  draws  in  the  surface,  causing 
more  or  less  distortion  of  the  organ.  This  cicatrix  may  be  pigmented  or 
white. 

If  the  embolus  be  infective,  in  addition  to  its  mechanical  effects  there 
may  be  suppuration,  gangrene,  and  the  formation  of  abscess.  There 
may  be  perforation  of  the  capsule  and  fatal  peritonitis.  Infarctions  of 
tlie  spleen  may  follow  thrombosis  of  the  splenic  vein. 

Tbrombosifl  of  the  splenic  vein  is  rare  as  a  primary  lesion,  but  it 
may  be  of  secondary  occurrence  in  connection  with  portal  or  mesenteric 
thrombosis,  with  other  legions  of  the  spleen,  or  with  acute  intlammatiou 
of  the  pancreas.  ThromtKisis  of  the  splenic  vein  has  been  reported  fol- 
lowing typhoid  fever.     - 

XETFLAMMATION. 

Inlammatory  Hyperplaaia  (Acute  Hi/perplaatic  Splenitis,  Acute  Splenic 
Tumor). — The  conditions  under  which  hyperplasia  and  acute  inflamma- 
tion of  the  spleen  occur  have  already  been  mentioned  under  active 
hyperemia,  with  which  it  is  usually  associated.  It  is  a  frequent  though 
uot  a  constant  accompaniment  of  the  acute  infectious  diseases.  The 
spleen  is  enlarged,  sometimes  to  two  or  three  times  its  normal  size.  On 
section  the  pulp  is  soft,  often  almost  diffluent,  and  projects  upon  the  cut 
surface.  The  color  is  sometimes  dark-ied,  sometimes  grayish-red,  or 
mottled  red  and  gray.  The  trabeciilse  and  glomeruli  are  usually  concealed 
by  the  swollen  and  9ofteue<l  pulp,  but  the  glomeruli  are  sometimes 
unusually  prominent. 

Microscopical  examiuatton  shows  the  marked  increase  in  size  to  be 
due  in  i>art  to  the  hj^periemia ;  in  part  to  a  swelling  and  incresise  in  the 
number  of  cells,  sometimes  of  the  pulp,  sometimes  of  the  glomeruli,  or 
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of  both.  There  are  mHltinnclear  cells;  cells  reserabliug  the  ovoidiil  and 
polyhedral  cells  of  the  pulp,  but  larger  and  with  evident  division  of  the 
nuclei.  Cells  resembling  leucocytes  may  be  present  in  large  numbers, 
and  larger  and  smaller  cells  in  a  condition  of  fatty  dt^neration,  or  con- 
taining pigment,  are  often  seen.  The  elongated  cells  lining  the  cavernous 
veins  may  be  swollen  or  Increased  in  number.  Ifot  iufreyneiitly  the  larger 
and  smaller  cells  contain  red  blood  cells  or  their  fragments.  In  some 
ca.ses,  particularly  iu  scarlatina,  hyperplasia  of  the  glomeruli  is  a  prom- 
inent feature:  in  other  cases,  particularly  in  typhus  and  i-ecnrrent  fevers, 
the  cells  of  the  gloniemli  undergo  marked  degeuerative  changes,  so  that 
they  may  fonn  small  softened  ai'eas  looking  like  little  abscesses.  Foesil 
necroses  and  areas  of  small-celled  accumnlation  or  cell  proliferation  are 
commou  in  typhoid  fever  and  other  infe<-tions  diseases  (see  page  201). 
As  the  primary  disease  runs  its  course  the  swelling  of  the  spleen  sub- 
sides, the  capsule  appears  wrinkled,  the  color  becomes  lighter,  and 
sometimes  the  organ  remains  for  a  long  time,  or  permaueutly,  small  and 
soft. 

The  lesions  of  the  spleen  are  iu  many  cases  due  to  the  presence  of 
micro- 01^1  u isms  which  are  usually  preseut  iu  the  spleen  in  septicaemia, 
or  they  may  be  due  to  soluble  toxic  substances  in  the  blood.' 

Supporatm  Splenitis  {Splenic  Abscess). — Small  abscesses  may  be  found 
Iu  the  spleen  as  the  result  of  minute  infectious  emboli,  and  these  may 
coalesce  to  fonn  lai^r  abscesses.  Sometimes  the  entire  parenchyma  is 
converted  into  a  soft,  necrotic,  punilent  mass  surrounded  by  the  capsule. 
It  is  rare  for  simple  infarctions  to  result  iu  abscess.  Abscess  of  the 
spleen  may  occur  from  the  propagation  of  a  suppurative  inflammation  to 
the  organ  from  adjacent  parts;  from  perinephritic  abscesses,  ulcer  and 
carcinoma  of  the  stomach,  etc.  They  may  ojien  into  the  peritoneal  cav- 
ity, inducing  fatal  peritonitis,  or,  owing  to  an  adhesive  inflammation, 
the  opening  may  occur  into  the  post -peritoneal  tissue,  into  the  pleuiul 
cavity,  luug,  stomach,  intestines,  or  it  may  open  on  the  surface.  On  the 
other  hand,  the  contents  of  the  abscess  may  dry,  shrink,  and  become 
encapsulated  and  calcified.  Abscesses  may  occur  in  ulcerative  endocar- 
ditis, pyjemia,  typhoid  fever,  and  more  rarely  in  intermittent  fever,  and 
under  a  variety  of  other  condition.^. 

Chronic  Indurative  Splenitis  {Chronic  Sjiienic  Tumor). — There  may  be, 
as  we  have  already  seen,  a  new  formation  of  connective  tissue  in  the 
spleen  as  a  result  of  chronic  congestion  or  infarctions,  or  about  abscesses. 
But  there  is  a  more  diffuse  formation  of  connective  tissue,  usually  in  the 
nature  of  an  hyperplasia,  which  occurs  under  a  variety  of  conditions, 
and  is  now  marked  and  e.iteusii'e,  and  again  comparatively  ill-defined. 
It  is  always  associated  with  more  or  less  extensive  chauges  in  the  paren- 
chyma. In  its  most  marked  fonn  it  is  found  in  chronic  malarial  poison- 
ing, and  under  these  conditions  it  may  be  found  not  only  in  persons  who 
have  sufTered  from  repeated  attac!is  of  intermittent  fever,  but  also  in 
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those  who  haye  not  thus  Buffered  but  have  resided  in  malarial  regions. 
The  enlarged  spleen  is  often  called  "ague  cake."  Similar  conditions, 
though  usually  less  marked,  may  occur  in  eougenital  and  acquired  syphi- 
lis, from  prolonged  typhoid  fever,  and  as  a  result  of  acute  hyi>erplastic 
splenitis  from  various  causes,  and  also  in  leukiemia  and  psendo-lenktemin. 

The  gross  appearance  of  the  spleen  in  chronic  indurative  splenitis 
varies  greatly,  both  iu  the  size  of  the  orgau  and  in  the  appearance  of  the 
section.     The  spleen  may  be  enormously  enlarged  or  it  may  be  of  about 
normal  size.     It  is  usually,  however,  enlarged.     The  capsule  is  commonly 
more  or  less   thickened,   frequently  unevenly  so.     Tlie   consistence  is 
as  a  rule  considerably  inci'eased,  but  this  is  not  always  the  ease.     The 
color  and  appearance  of  the  cut  surface  present  much  variation.     It  may 
be  nearly  normal  or  it  may  be  grayish,  or 
dark  brown,  or  nearly  black.     The  color 
may  be  uniform  or  the  surface  may  be 
mottled.     The  glomeruli  may  be  scarcely 
visible  or  very  prominent;  the  trabeculse 
are  in  some  cases  nearly  concealed  by  the 
pulp ;  iu  others  they  are  large,  prominent, 
andabuudaut,  so  that  the  surface  is  crossed 
iu  all  directions  by  an  interlacing  network 
of  broader  and  narrower  irregular  bands, 
between  which  the  red  or  brown  or  black- 
ish pulp  lies.  W.  210.— Chronic  Ikdcbith-k  Splen. 

Not  less  varied  are  the  microscopical  "'^ 

appearanceaotthespleenuuaer  thesecon-  " t »V«~f r.".™".™^ " 
ditions.     In  one  class  of  cases  there  is 

more  or  less  uniform  hyperplasia  of  both  pulp  and  interstitial  tissue. 
The  parenchyma  cells  are  increased  in  size  and  number;  there  maybe 
Bwelliug  and  proliferation  of  the  liuing  cells  of  the  cavernous  veins  (see 
Fig.  210).  The  reticulum  of  the  pulp,  as  well  as  that  of  the  glomeruli, 
and  also  the  trabeculee,  are  thickened.  In  another  class  of  cases  the 
thickening  of  the  reticular  and  trabecular  tissue,  either  uniformly  or  iu 
patches,  is  the  prominent  feature  (Fig.  211),  while  the  changes  in  the 
pulp  are  rather  secondary  and  atrophic  In  both  forms  irregular  pig- 
mentation is  frequent,  the  pigment  particles  being  deposited  either  in  the 
cells  of  the  pulp  or  glomeruli,  or  in  the  new-fonne<l  inters!  itial  tissue  (Fig. 
212).  Finally,  there  are  all  intermediate  forms  of  induration  between 
those  described,  and  the  changes  are  by  no  means  uniform  in  Ihe  same 
organ.     When  these  spleens  arc  large  they  are  liable  to  displacement. 

Syphilitic  Splenitis. — This  lesion  may  present  itself  as  an  indurative 
process  due  to  the  formation  of  new  connective  tissue,  and  present  no  dis- 
tinct morphological  characteristics.  In  rare  cases,  however,  gummata 
may  be  present  in  connection  wilh  the  new  fibrous  tissue ;  then  the  nature 
of  the  lesion  is  evident. 

TobercalonB  Splenitis. — This  lesion  is  usually  secondary  to  tuberculous 
inflammation  in  some  other  part  of  the  body,  or  is  the  result  of  the  gen- 
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eral  infection  in  acute  general  miliary  tubei-culosia.  The  tubercles  may 
be  very  numerous  and  still  invisible  to  the  naked  eye,  or  they  may  be 
JHSt  visible,  or  as  lajge  as  a  piu's'head,  and  very  thickly  strewn  through 


no.  811,— CKROS1C  IKTEIUITITIAL  8l 

o,  Tblckennl  rapanle  1   b.  UilckeDed  trabecule:  c.  dflatHl  CBvernnua  velm;    il,  denae  pulp  tlnoe  wlUi 
obllleralcd  cavernouii  vein*. 

the  organ  or  sparsely  scattered.     In  other  cases  the  tubercles  are  lai^r, 
sometimes  as  large  as  a  pea,  and  tbey  are  then  usually  not  numerous. 
Microscopically  they  present  the  usual  variety  of  structure,  sometimes 
as  simple  tubercle  granula,  sometimes  as  conglomerate  tnbereles;  they 
may  consist  simply  of  a  collection  of  small  spheroidal  cells,  or  there  may 
be  larger  polyhedral  cells  and  giant  cells  with  a  well-defined  reticulum. 
Cheesy  d^eueratiou  occurs  under  the  usnal 
conditions.    Tubercle  bacilli  are  usually  pres- 
ent,  particularly  in   the  moi«   acute   forms, 
sometimes  in  small,  sometimes  in  enormous 
numbers.      They  seem  to  be  especially  abun- 
dant in  acute  general  miliary  tuberculosis  of 
children.     These  tnbercle.s  may  be  formed  in 
the   glomeruli,  in    the  walls  of  the  smaller 
arteries,  iu  the  pulp  tissue,  and  in  the  trabec- 
uhe  and    capsule.       Owing  to  the   peculiar 
character  of    the    spleen   tissue    the  earlier 
stages  are  not  readily  rec<^uized,  since  simple 
tneniaiionorihepuipVii!.  collections  ".'1'  Small  spheroidal  cells  are  not 

distinctly  outlined  a^inst  the  normal  tissue. 
There  is  frequently  a  moderate  swelling  of  the  spleen,  owing  to  hyper- 
lemia  and  hyi)erpla.sia  of  the  parenchynm. 

PeriBplenitia. — Acute  Inflammation  of  the   capsule  of  the  spleen 
may  occur  as  a  part  of  a  general  or  localized  peritonitis,  or  as  a  result 
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of  lesions  of  the  spleen  itself,  such  as  iufarctioiis,  abscesses,  and  aoute 
hyperplastic  inflammation.  Under  these  conditionit  a  flbriuow;  pellicle, 
with  more  or  less  pus,  may  be  formed  on  the  surface  of  the  oi^n. 
Chrosu-  Inflammation,  resnltin^;  in  the  production  of  new  connective 
tissue,  either  in  patches  oi-  as  a  moi-e  or  less  general  thickening  of  the 
capsule,  is  of  frequent  occnrrence.  It  may  follow  acute  inflammation  of 
the  c^ipsule,  or  be  a  part  of  general  or  localized  chronic  peritonitis.  It 
is  common  in  connection  with  chronic  indurative  splenitis,  and  it  may 
occur  from  unknown  causes.  Sometimes  the  capsule  is  three  or  four 
millimeters  in  thickness  over  a  considerable  area;  sometimes  very  small 
nodular  thickenings  or  papillary  projections  occur.  As  a  result  of  this 
process  adhesions,  sometimes  very  extensive,  may  form  between  the 
spleen  and  a<ljacent  pai-ts.  The  thickened  cai>aule  is  sometimes  more 
or  less  extensively  calcified. 


CHBONIC     EirSOTHEiLLAX     HYPEHPLASIA    OF     THE     SPLEEN. 
("Primary  Splenomegaly.") 

Bovaird  has  recently  described  a  slowly  prt^ressive  lesion  developing 
u  early  life  in  which  the  spleen  was  greatly  eidarged  and  firm  in  text- 


PiG.  Z13.— Chronic  ENixiTHGLrAL  Hyperplasia  op  the  Splexx. 

SbowLDglncnaAeln  number  anil  exlollatlon  ot  Uie  endolbellum  o(  lb?  cavernous  veins. 

ure.  presenting  on  section  numerous  irregular  white  or  yellowish  areas, 
extending  from  the  capsule  into  the  substance  of  the  organ.  The  splenic 
and  mesenteric  lymph-nodes  and  the  liver  were  enlarged.  On  microscopic 
examination  the  spleen  lesion  was  found  to  consist  largely  of  an  excessive 
proliferation  of  the  endothelial  cells  of  the  pulp  (Fig.  213),  in  part  alone, 
in  part  associated  with  tibrous  hyperplasia.  Similar  endothelial  hyper- 
plasia oceuri-ed  in  the  splenic  and  mesenteric  lymph-nodes  and  in  the 
connective  tissue  of  the  liver.     There  was  marked  pigmentation  of  the 
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iuvolved  lymph-nodes  and  id  the  liver  lesion.  Tbis  condition  has  ap- 
parently been  several  times  described,  bnt  has  been  usually  regaided  as 
tumor  ratber  than  endothelial  liyperplasia. ' 


The  lesions  of  the  spleen  are  essentially  similar  in  both  of  these  con- 
ditions. They  consist,  in  general,  of  an  hyperplasia,  sometimes  most 
marked  in  one,  sometimes  in  another  of  the  structural  elements  of  the 
organ,  bnt  they  usually  all  participate  in  the  alterations.  The  changes 
■which  occur  in  the  earlier  stages  are  but  little  known.  The  gi-oss  ap- 
pearances of  the  spleen  vary.  It  is  as  a  rule  enlarged  and  sometimes  is 
ten  or  fifteen  times  the  normal  size.  It  is  commonly  hard,  but  is  some- 
times of  the  ordinary  consistence,  or  softer,  and  the  cajwiile  is  gener- 
ally thickened  and  rough.  The  section  of  the  spleen  may  be  of  a  uni- 
form dark-red  color,  but  it  is  more  frequently  mottled  red  and  gray. 
Sometimes  the  glomeruli  are  inconspicuous,  but  they  are  verj-  often 
enlarged  and  prominent.  They  may  be  two  to  four  mm.  in  diameter, 
and,  owing  to  an  infiltration  of  the  aiterial  sheaths  with  lymph  cells, 
may  appear  to  the  naked  eye  as  grayish,  round  or  elongated  bodies, 
arranged  along  branching,  interrupted,  grayish  streaks.  The  trabeculie 
may  be  greatly  thickened,  as  also  the  reficuhmi  of  the  pulp,  so  as  to  be 
evident  to  the  naked  eye.  Brown  or  black  pigment  may  be  collected 
around  the  glomeruli  or  in  the  pulp.  Hatmorrhagic  infarctions  or  cir- 
cumscribed extravasations  of  blood  may  further  complicate  the  picture. 

Microscopically  the  appearances  are  essentially  the  same  as  those 
above  described  in  acute  hyperplasia  and  in  chi-onic  interstitial  splenitis, 
depending  upon  the  stage  and  ^'ariety  of  the  disease.  Owing  to  the  great 
size  which  some  of  snch  spleens  attain  they  are  liable  to  displacement,  and 
they  may  interfere  by  pressure  with  the  functions  of  neighboring  oi^ns. 

TVH0R8. 

Primary  tumors  of  the  spleen  are  rare.  Small  fibromata,  iucomsta, 
and  oavemoiu  an^omata  sometimes  occur.  Sarcoma  and  caroinoma  may 
occur  in  the  spleen  secondarily  either  as  metastatic  tumors  or  by  exten- 
sion from  some  adjacent  part,  as  the  stomach.  Dermoid  cysts  are  de- 
scribed, but  are  rare.  Other  larger  and  smaller  cysts,  whose  mode  of 
origin  is  in  most  cases  obscure,  not  infrequently  occnr. 

PARASITES. 

Pentastomom  dentlcalatnm  is  not  tnfreqnently  found  in  the  spleen, 
usually  encapsulated  and  calcified.     Cysticeront  Is  rare.     EchinocDccns  is 
e  Boeaird,  American  Journal  of  tlie 
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occasiOBitlly  found,  and,  if  tlie  cysts  are  Ini^  or  nomerons,  may  cause 
more  or  less  extensive  atrophy  of  the  organ. 

Various  forms  of  bacteria  have  beeu  found  in  the  spleen.  The  pyo- 
genic cocoi  have  been  found  in  pyiemia,  small-pox,  ulcerative  endocardi- 
tis, diphtheria,  and  under  other  conditions.  The  BacilliiB  anthiacii  oc- 
curs here  in  anthrax ;  the  Bacillni  tutMronloais  in  tuberculous  inflammation ; 
and  typhoid  bacilli  in  typhoid  fever.  Spiroohsete  Oberm«ieri  may  be  pres- 
eut  In  relapsing  fever. 

The  Thymus. 
MALFOBMATION  AND  HTFERTBOFHT. 

Small  accessory  tliymus  glands  are  occasionally  found  near  tbe  thyroid. 

It  is  usual  for  the  development  of  the  thymus  to  reach  tts  height  in  the  early  years 
of  life.  It  then  undergoes  involution  or  atrophy,  losiug  its  epithelial  characters  and 
becomiDg  largely  composed  of  lymphoid  cells.  It  la  finally  represenled  in  old  age  by  a 
small  mass  of  fat  tissue.  Uccatnonally.  however.  Ihc  thymus  persists  until  youth  or 
Diiddleage.'  Furthermore,  it  may  become  enlarged — so-called /lyperfwpAy  of  the  thymus. 
The  enlargement  is,  however,  due  to  an  hyperplasia  rather  than  hypertrophy:  the  new- 
formed  tissue  may  presenl  a  more  or  less  marhctt  lobulal«d  or  glandular  appearance. 
This  new-formed  tissue,  according  to  the  studies  of  Sultan  and  Locbte.  may  be  largely 
composed  of  lymphoid  cella,  or  of  larger  polyhedral  cells,  so-called  "epithelioid"  cells.' 
Focal  oecroBes  have  beeo  recorded  in  diphtheria. 

'    H21E0BBHA0E. 

Small,  and  sometimes  large,  hfemorrhages  are  occasionally  seen  in  the 
thymus  of  young  children  as  the  result  of  venous  congestion  in  asphyxia, 
poisoning,  etc.    They  may  also  occur  iu  the  btemorrhagic  diathesia 

INFLAMlCATIOir. 

Suppurative  inflammation  of  the  thymus  is  of  occasional  occurrence, 
and  is  usually  secondary  to  a  similar  inflammatory  process  in  some  other 
part  of  the  bodj'.  Tnbercnlonfl  and  syphilitic  lesions  of  the  thymus  are 
described,  but  are  rare. 


Sarcoma  is  the  most  common  tumor;  Angioma,  Endothelioma,  and  Der- 
moid Tomors  are  recorded. 

'  For  the  sigtiiflcaoce  of  a  persistent  thymus  in  certain  cases  of  sudden  death,  see 
Sm-lan.  Phlla.  Med.  Jour.,  vol.  i.,  p.  240,  1806,  bibl. ;  also  ref,  to  Eufinn.  p.  49.  On  tbe 
relationship  of  hyperplasia  in  a  persistent  thymus  to  Hodgkin's  disease,  consult  Brigidi 
and Piceoh,  Ziegli-r's  l)eitr.  z.  path.  Anat.,  etc,  Bd,  xiv.,  p,  888. 

■See  LtidiU,  CcDtbl.  f.  allg.  Path.  u.  path.  Anat.,  Bd.  x..  p.  1,  bibl 
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THE  THTBOn>  Am)  ADRENALS. 
The  Thyroid. 


Iff  R.1  farm  fl.f.i  cm  m 


The  thyroid  gland  is  somi'liu 
214)  or  as  a  congenital  deflcieocy. 
and  myxiedcDia  sec  page  801. 


FlQ.  SH.—SECTION  of  THR  ATBOPHFIU)  THTROIH  OLAND   in   MTXSniHA. 

o,  IntemtUa]  Ussue ;  b.  alroptiled  lobuln  wllb  amalL  Bpberuld^^xlLed  nr  lympbatli;  ttaue  In  Ibelr  peripherlBL 

The  thyroid  may  be  irregularly  1obiikt«d.     There  may  be  small  accessory  glands 
Biluatol  at  soTue  distance  from  the  noriiiQl  jiositloii,  as  in  the  mediastinum  or  pleura. 


DEOEHEBATIOK. 

Colloid  degeseratlan  of  the  epithelial  cells  of  the  gland,  and  the  filliDg 
of  the  alveoli  with  colloid  material,  are  of  coiuiuou  occurrence,  and  wheu 
in  moderate  degree  may  be  I'egarded  as  normal,  since  a  certain  amount  of 
this  change  is  found  in  many  otherwise  apparently  normal  glands.  It 
may  occur,  however,  to  such  an  extent  as  to  constitute  au  important 
lesion  (see  below). 

Amyloid  degeneration,  particularly  of  the  blood-vessels,  is  of  infrequent 
occurrence. 

Hyalia  d^neration  of  the  stroma  of  the  thyroid  may  occur. 
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Dis'rtnaBANCES  of  cmctniATiON. 

HTpenemia  of  the  tliyroid  glaud,  ofleu  accoiniKiuied  by  considerable 
enlargement  of  the  organ,  may  be  the  result  of  valvular  disease  of  the 
heart;  it  occur's  in  Biisedow's  disease;  it  maybe  temporary  or  penna- 
uent,  and  in  the  latter  case  may  be  associated  with  the  formation  of  new 
conuective  tissue.  Uiemorrhages  may  occur,  leading  to  pigmentation  of 
the  organ. 

INFLAKHATIOK.    (StrumitiB.) 

lotlammatiOQ  of  the  thyroid  gland  is  not  very  common  and  may  occur 
under  a  variety  of  conditions.  It  may  i-esnlt  in  the  formation  of  larger 
and  smaller  absceasesoriu  the  production  of  new  connective  tissue  which 
may  be  associated  with  atrophy  of  the  parenchyma.  Tubercnloiu  inflam- 
mation, with  the  formation  of  miliary  tubercles,  is  of  infrequent  occur- 
rence.' Sjrphilitio  inflammation,  with  the  formation  of  gmnmata,  has  been 
described,  but  is  rare.' 


STKUHA.    (HypArplasia  of  the  Thjrroid;  Goitre.) 

Among  the  most  important  of  the  lesions  of  the  thyroid  is  the 
enlargement  of  the  oi^an  commonly  known  as  the  goitre  or  struma.  The 
enlargement  of  the  gland  may  occur  in  several  ways.  Thus,  a  simple 
hyi>ei'iemia  may,  as  above  stated,  lead  to  considerable  enlargement  of 
the  organ,  and  this  is  sometimes  called  st)iima  hyperwmica.  The  true  goi- 
tre, however,  consists  in  the  enlargement  of  the  old  and  the  formation 
of  new  gland  alveoli,  while  with  these  changes  there  is  veiy  frequently 
associated  a  greater  or  less  amount  of  colloid  degeneration.  When  there 
is  new  formation  of  gland  tissue  the  growth  has  the  character  of  an  ade- 
noma. The  hyperplasia  may  occur  diffusely,  so  that  the  whole  gland  is 
more  or  less  enlai^d ;  or  it  may  occur  in  the  form  of  circumscribed  nod- 
ules. When  the  colloid  degenenition  is  prominent,  so  that  the  tumor 
has  a  gelatinous  api>ean)noe,  it  is  called  colloid  strtima  (Fig.  215).'  Ac- 
cumulations of  fluid,  blood,  colloid,  etc.,  in  the  old  or  new-formed  alveoli, 
may  lead  to  dilatation  and  atrophy  of  the  walls  of  the  ah'eoli,  so  that 
cysts,  sometimes  of  large  size,  arc  formed.  Thus  occurs  the  cyttic  slrunia. 
Again,  the  blood-vessels  may  nndei^o  marked  dilatation,  so  that  we  may 
have  a  teJangiedalic  struma;  or,  cavernous  angiomata  may  form  within 
goitres.  Very  frequently  all  these  varieties  of  lesions  are  present  in  the 
same  goitre.  The  appearances  may  be  rendered  still  more  complex  by 
the  occurrence  of  biemorrhages  and  pigmentation,  calcification,  purulent 

^  P:i.-e  Soger  and  Giirnier,  Areli.  gOti.  tie  MM.,  t.  iii.,  p.  385.  1900.  bibl. 

'For  u  study  of  the  normal  and  palliolo^ic  histology  ot  the  tliyroid,  wilh  biblio- 
graphy, consult  Mailer,  Ziegier's  Beilr.  z.  path.  Aiiat.,  etc..  Bd.  xlx..  p.  137.  1886; 
alM>  Erdlitim,  Zieelcr's  Beitr.,  Bd.  xxxiii.,  1903.  p,  150.  For  myxtedema  aod  Basedow's 
ilisonse.  sec  gip.  '■Si\  and  332. 

■  For  a  consideration  of  the  nature  of  colloid  and  its  fortnatinti  iti  struma  see  Bein- 
bach.  Zieglt-r'a  Biitr.  z.  path.  Anat.,  etc.,  Bd.  xvi.,  p.  586,  bibl. 
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or  icdurative  inflamiiiiitiou  (strumitis),  and  by  the  Dot  very  iufrequent 
associsvtioD  with  carciiiouia  and  sarc-oina.  The  excitauts  of  goitre  are  not 
well  understood.  The  growth  is,  as  a  rule,  slow,  but  occasionally  a  very 
rapid  enlargement  occurs  as  the  result  of  a  suddeu  iiici'ease  of  the  col- 
loid degeneration.  lu  mauy  cases  even  very  large  goitres  give  rise  to 
but  moderate  iucouvenience,  but  they  may  assume  great  significance  by 


Fia.  215.— CoLLoro  STHrui— Goitri. 
TbH  colloid  malerlal  DIIIdk  tbe  alveoU  Ib  BUlD«d  r«d. 

encroaching  upon  neighboring  parts.     Thus  death  may  be  caused  by 
pressure  on  the  trachea,  cesophagus,  or  on  the  large  vessels. 


TUHOae. 

Some  of  the  forms  of  goitre  above  described  may  be  rej^arded  as 
tumors  or  may  be  associated  with  tiimoi's.  Sarcoma  and  endothelioma  are 
the  most  common  tumors  of  the  thyroid. 

Sarcoma,  either  spheroidal  or  spindle-celled,  may  occur  as  primary 
tumors  in  the  thyroid,  either  in  otherwise  nonnal  glands  or  in  connec- 
tion with  struma.'  Helano-Barcoma  has  been  observed.  Secondary  sar- 
comata are  rare. 

Primary  carcinoma,  both  glandular  and  scirrhous,  occurs  in  the  thy- 
roid, and,  particularly  in  the  softer  forms,  may  spread  to  adjacent  parts 
and  occasionally  form  distant  metastases.  Dcnuoid  cysts  are  of  occa- 
sional occurrence.' 

'  Consult  for  summarv  of  ol)s<!rvation3  on  sarcoma  of  the  thyroid,  Mart,  Jour.  Am. 
Med.  Ass'q,  April  28,  1H99,  bibl. 

'For  a  rt'siim^  of  mixed  tumors  of  tlie  thyroid  Bee  Leo  Loeb,  Am.  Jour  Med.  Sci.. 
vol.  cxxv,,  1908. 
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PAAASITES. 

clunDcocciu  cysts  have  been  found  in  the  thyroid. 

The   Adrenals    (Suprarenal  Bodies,  Suprarenal  Capsul«a). 

Half ormatioiia . 


Id  oceplialic  and  other  moDsCcra  the  adreoals  may  be  atrophied  or  entirely  absent. 
Sometimea  in  well-formed  adults  these  organs  cannot  be  discovered.     There  may  be  lit- 


tle rounded  noddies  loosely  uttacbetl  to  the  surface  of  the  lulrenals  und  having  the  same 
struetui'c.  Accessory  anj  misplaced  adn-Dals  are  not  uncommon.  A  few  cases  have 
been  reported  of  accessory  adrenals  in  the  broad  ligament.'  They  may  be  present  in 
the  liver.' 

If  one  kidney  be  absent  or  in  an  abnormal  position  its  adrenal  usually  retains  its 
proper  position," 

ATROPKT  Ain>  DEOENEBATION. 

Atrophy  of  the  adrenals  may  be  extreme. 

Fatty  defeneration  of  the  cortical  portion  is  the  rule  in  the  adnlt.  Tt 
Bomelinies  occurs  in  nodular  areas  {Fig.  216),  In  children  under  five 
years  of  age  it  is  pathological. 

Amyloid  degeneration  may  involve  both  the  cortical  and  jnedullary 
portions.  In  the  cortex  it  nsually  involves  only  the  walls  of  the  blood- 
ves.scls;  in  the  medulla  both  the  blood-vessels  and  the  cells  of  the  paren- 
chyma ijiay  undei^o  this  degeneration.  The  oi^ns  are  usually  flnu 
and  have  a  grayish,  winitranslueent  appearance. 

'  See  Wart/iiii.  American  Journal  of  Obstetrics,  vol.  xlli..  1900.  bibl. 
•See  Aoffc*.  Trans.  New  York  Path.  Soc.,  189fl-lfl00. 

'  For  consideration  of  relationsliip  of  the  adrenals  to  the  nervous  system,  see  Alex- 
aiuler.  Zicgler's  Beitr.  z.  path.  Anat.,  Bd.  xi.,  p.  145,  bibl. 
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Pigmentation  of  the  iuiier  cortical  zone  is  frequeut  iu  old  persons. 
Focal  necroses  may  occur  in  infectious. 

THBOHBOSIS  AND  KSMOBBHAOE. 

Venous  and  capillary  thrombosis  may  occur. 

In  ehildreu,  soon  after  birth,  it  is  not  verj'  infrequent  to  find  large 


Fin.  S17.— HSMORIIHIOB  IHTO  and  about  THK  ADRRNiL.      (Intanl.i 

htemorrhages  in  one  of  the  adrenals,  converting  it  into  a  cyst  filled  with 
blood  (Fig.  217).     This  lesion  has  been  observed  iu  a  few  cases  in  adults.' 

DTFLAMMATIOW. 

Snpporative  inflammation,  with  the  formation  of  atfscesses,  has  been 
seen  in  a  few  cases. 

The  most  frequent  lesion  of  the  adrenals  is  tnbercnlona  inflammation. 
They  are  usually  increased  in  size ;  their  surfaces  are  smooth  or  nodular. 
The  normal  structure  of  the  gland  is  more  or  less  replaced  by  tubercle 
tissue,  which  usually  undergoes  cheesy  degeneration  and  may  soften. 
Fibrous  tissue  may  form  iu  eousiderable  amount.  (See  Addison's  Dis- 
ease, page  362.)' 

Syphilitic  inflammation,  with  and  without  the  developmeut  of  gum- 
mat^  is  of  occasional  occurrence. 
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TUHOBS. 


Sarcoma,  g^lionia,  and  endothelioma  occur  in  the  adrenals. 

Heoroma. — Ganglionic  neuromata  have  been  described  by  Weichsel- 
baum  and  Freeman. 

Hyperplasia  of  the  gland  tissue  (adenoma  or  strnma  Bnprarenalii  lipo- 
matou),  with  fatty  degeneration  in  the  form  of  circumscribed  nodules, 
is  of  occasional  occurrence. 

Adenomata  of  the  adrenals,  resembling  in  type  the  structure  of  the 
cortex,  may  form  as  iai^e  vascular  tumors,  often  hsemorrh^c,  which 
may  invade  the  neighboring  vessels  and  form  metastases.  Some  of  the 
Bo-called  adenomata  of  the  kidney  are  probably  adenomata  of  displaced 
accessory  adrenals  (see  page  644). 

Carcinoma  is  not  common,  but  may  be  primary  or  secondary.' 

's  of  the  adrenals,  see  BaTiaay.  Jnlias 
.  p.  ^0.  18»9. 
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CHAPTER  V. 

THE  CIBGXnjATORT  SYSTEM. 
The  Fericardiom. 

INJmtlES. 

The  pericardium  maybe  injured  by  penetrating  weapons,  by  gunshot 
wounds,  and  by  fragments  of  bone.  It  may  be  ruptured  by  severe  con- 
tusions of  the  thorax,  and  by  rapid  extravasation  of  blood  into  the  peri- 
cardial sac.  Perforations  may  occur  with  empyema,  mediastinal  abscesses, 
abscesses  of  the  chest  wall  and  of  the  liver,  or  iu  connection  with  aneur- 
isms of  the  aorta  aud  suppurative  inflammation  of  the  pericardium. 

HSHORBHAOE. 

Extravasations  of  blood  into  the  cavity  of  the  pericardium  may  fol- 
low wounds  and  rupture  of  the  heart,  rupture  of  the  aorta  aud  of  aneur- 
isms, and  may  occur  with  pericarditis.  Small  extravasations  in  the 
substance  of  t)ie  pericardium  are  found  with  scnr\'y,  purpura,  and  in 
infectious  diseases. 

UTDROPEBIOAItDnnf.     (Dropa?.) 

At  autopsies  a  few  hours  after  death  a  few  cubic  ceutimetres  of  clear, 
light-yellow  serum  are  usually  present  in  the  pericai-dial  siic.  If  decom- 
position have  commenced,  this  may  be  reddish,  or  it  may  be  slightly  tur- 
bid from  the  falliug-off  of  the  pericardial  endothelium. 

Large  accumulations  of  clear  yellowisli  serum  are  often  found  as  part 
of  general  dropsy  from  heart  disease,  kidney  disease,  etc.  The  amount 
is  sometimes  so  great  as  to  interfere  with  the  movement  and  nutrition  of 
the  heart. 

PNETmOPEBICABBnTM. 

Air  or  gas  in  the  pericardium  is  sometimes  present  as  the  result  of 
post-mortem  decomposition  and  maybe  accompanied  with  drying  of  por- 
tions of  the  pericardium.  Wonnds  or  paracentesis  of  the  pericardium ; 
the  peri'oration  of  ulcers  of  the  stomach,  cavities  of  the  lungs,  and  ulcers 
of  the  (esophagus,  may  admit  air  into  the  pericardial  cavity.  In  puru- 
lent pericarditis  with  foul,  decomposing  exudate,  gases  may  be  evolved. 
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HTFLAHHATIOH.    (P«n<»rditi«.) 


Pericaittitia  is  rarely  primarj^j^  but  is_.iiBuallxsecQndary  to  infections 
diseases,  such  as  puenmoDia,  pleurisy,  tuberculosis,  typhoid  fever,  eudo- 
carditis,  and  pytemia.     It  may  follow  injuries  and  is  frequently  aasoci- 


FlU.  ilS.— FIBRINOCB  PJEKICIHDITJS. 

Tbe  perkwdlal  bbc  li  laid  open  uid  Uie  heart  la  m«d  covered  wlui  an  Irrtvular  vlUaus  layer  of  DbrlD. 

ated  with  rheumatism  or  inflammation  of  the  kidaeys.  It  may  be  earn- 
^tive  or  productive  in  character. 

EzndatiTe  Fericarditii. — It  is  convenient  to  distiugnisb  iu  exudative 
pericarditis  a ^rinou A,  a  sero-Jtbrinoua,  auA  a,  piirtdent  form. 

FiBKiNous  AND  Seko- FIBRINOUS  Peeicarditis. — In  the  earlier 
stages  or  lighter  forms  of  fibriDous  pericarditis,  the  whole  surface  or 
portions  of  the  pericardium  may  be  dull  or  slightly  roughened  fi'om  a 
delicate  fibrinous  pellicle,  more  or  less  hypertemie  and  often  studded  with 
minute  peteehiffi.  Later,  if  the  exudate  accumulate,  the  entire  surface 
of  the  pericardium  may  be  covered  with  a  net-like  layer  of  thick  masses 
of  fibrin.  This  may  cover  both  the  visceral  and  parietal  surfaces  and 
ia  often  beset  with  irregular  villosities  (Fig.  218).  Fibrinous  adhesions 
may  form  between  the  two  layers.  There  is  nsually  some  serous  fluid 
as  well  as  leucocytes  mingled  with  the  fibrin. 

Serum  may  accumnlate  iu  considerable  quantity — sero-Jibrinvus  peri- 
carditis.    The  pericardial  sac  may  be  greatly  distended  with  this  form  of 
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exudate  so  as  to  displace  the  heart  and  compress  the  larger  air  passages, 
the  cesophagns,  or  the  aorta. 

PuKULENT  Pebicaeditib. — III  this  form  of  exudative  pericarditis 
there  are  usually  more  or  less  serum  and  fibrin  mii^led  with  pns  cells  and 
often  red  blood  cells.  The  process  may  start  as  a  eero-fibrinous  inflam- 
mation. It  is  apt  to  occur  as  an  extension  of  an  infectious  process  in  tlie 
neighborhood  or  a8  a  part  of  a  general  pytemic  process.  Streptococcus 
pyogenes,  micrococcus  lanceolatus,  staphylococcus  pyogenes  aureus,  and 
the  tubercle  bacillus  are  the  bacteria  most  commonly  found  in  exudative 
pericarditis. 

Chronic  Fericarditii. — In  exudative  pericarditis  the  mesotbelium'  (en- 
dothelium) in  the  early  stages,  and  later  this  with  the  underlying  connec- 
tive-tissue cells,  contribute  to  the  cellular  elements  in  the  exudate.  In 
recovery  the  exudates  degenerate  and  are  gradually  absorbed,  while  from 
the  blood-vessels  and  the  connective-tissue  cells  of  the  pericardium  more 
or  less  new  fibrous  tissue  is  formed,  at  first  very  cellular  and  vascular, 
later  dense  in  character.     There  may  finally  be  local  or  general  thicken- 


rta.  SIS.— Oblhtratton  or  the  PEBiCAitnTAL  Sac  in  a  Chtlr.  Following  PtsiCARtilTlB. 

Showing  blood-vesielB  grawlne  trtnn  Out  TiBccnl  pertcBrdlum  IdIo  Lhe  blood  clot  DHIdk  Uie  ata.  TruiB- 
veree  aecUoD.  A.  Heart :  B.  pericardium  :  C.  new.lonned  tucular  Hague  eiteDdlnii  above  lo  tbe  unorgan- 
ized Plot.  A  simitar  layer  of  new  thstuIbt  Claaue  wu  present  over  Uie  parietal  perleardlum.  and  In  plaees 
tbe  two  Ufen  bad  coalnced.  oblltfratlng  tbe  bbc. 

ings  of  the  pericardium  or  adhesions  between  the  visceral  and  parietal 
layers.  The  new  fibrous  tissue  may  extend  between  the  subpericardial 
muscle  fibres  of  the  heart.  Calcification  of  this  new -formed  fibrous  tissue 
may  occur. 

Obliteration  of  the  Pericardial  Sac. — As  the  result  of  the  for- 
mation of  vascular  new  connective  tissue  l)etween  the  pericardial  walls, 
the  sac  may  be  partially  or  wholly  obliterated  (Fig.  219). 

This  may  be  the  conclusion  of  an  acute  iutiammatory  process  or  it 
'  See  refereoce  to  Mtnol,  p.  826. 
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may  result  from  the  orgauization  of  a  blood  clot  folloiriDg  hfemorrhage 
into  the  eac.    It  may  occur  as  the  resBlt  of  the  latter  process  early  in  life. 

SUPRA-ASTEKIAL  EPICABDIAL  FlBROlD  NODULBS. — Small  fibrOUS 
nodules  are  occasionally  formed  along  the  branches  of  the  coronary  arte- 
ries, especially  on  the  surface  of  the  ventricles.  According  to  the  studies 
of  Knox'  they  are  frequently  associated  with  lesions  of  the  arteries,  lead- 
ing to  the  weakening  of  their  walls  at  these  situations. 

Taberoaloas  Pericarditis. — This  lesion  may  occur  by  itself,  but  is  apt 
to  be  associated  with  other  tuberculous  inflammation  in  the  vicinity  of 
the  heart.  There  maybe  miliary  tubercles  scattered  diffusely,  or  limited 
to  certain  regions  in  the  pericardium,  which  is  otherwise  little  changed. 
Not  infrequently,  howevei',  there  is  a  considerable  thickeoing  of  the  peri- 
cardium, either  visceral  or  parietal,  or  both. 

In  such  cases  the  new-foi-med  tissue  consists  of  fibrous  tissue  and  of 
tubercle  tissue  which  has  undergone  extensive  cheesy  degeneration  (Fig. 
220).  The  thickened  visceral  and  parietal  layeis  of  the  pericardium  are 
often  more  or  less  grown  together,  so  that  the  pericardial  sac  may  be 
partially  or  almost  completely  oblitei'atcd.  An  inflammatory  exudate 
often  accompanies  the  tuberculous  process. 


FIQ.  :!a).--TCBKIICULO['S  PKHICIHDtTlS. 

Tbe  gT«Ml7  Ihtrkeoed  perinnUum  shows  dllFiue  tubercle  tissue  wlUi  eUnt  cells  and  lrTeeul*r  arou  of 
cheesy  degeneration.   The  free— upper— surtoce  la  nuered  with  it  layer  at  fresh  Obrln. 

TUKOItS. 

Fibromata  are  sometimes  developed  in  the  pericardium.  They  are 
often  of  polypoid  form,  and  from  atrophy  of  the  pedicle  may  become 
free  in  the  pericardial  sac.  Endotheliomata  are  of  occasional  occurrence 
as  primary  fumoi-s. 

Sarcomata  and  carcinomata  occnr  as  secondary  growths  either  from 
continuous  infiltration  or  as  metastatic  tumors.  Primary  sarcoma  of  the 
pericardium  has  been  described.* 


,y  Google 


THE  CIECULATOEY  SYSTEM.  425 

Cyiti  of  the  visceral  pericardium  have  been  described.  We  have  seen 
a  pedunculated  cyst,  coutainiug  about  6  c.c.  of  clear  fluid,  hangiug  into 
the  pericardial  sac  from  its  attactuneut  iiear  the  pulmouary  artery.  The 
origin  of  such  cysts  is  obscure. 

The  Heart. 

Halformations  and  Malpoaitiotu. 

Malformations  op  the  Heart.— The  nmlfonnationa  of  the  heart  are  usually 
closely  associated  with  nmlfomiBtiODa  of  the  aorta  aod  pulmonttry  artery.  They  de- 
pend OD  arrest  of.  or  abDormal,  development;  on  endcK»rditis,  myocarditis,  thrombosis, 
or  mechanical  causes. 

I.  The  common  arterial  trunk  is  only  partially,  or  not  at  all,  separated  into  aorta 
and  pulmonary  artery.    The  divisions  between  the  heart  cavities  are  at  the  same  time 


defective,  Ho  tliat  there  niay  be  one  ventricle  anil  no  auricles;  one  ventricle  and  one 
auricle— reptilian  heart  (Fig.  231) ;  or  one  ventricle  and  two  aurlclen. 

II.  Tile  trunk  of  tlie  pulmonary  artery  or  of  tlie  aorta  isstenosed  or  obliterated,  and 
from  the  obstruction  to  tlm  current  of  blood  there  Is  interference  with  the  development 
of  the  septa  between  tUo  heart  cavities. 

1.  The  aorta,  at  its  origin,  or  in  the  ascending  portion  of  the  arch,  is  stenosed  or 
closed.  The  pulmonary  artery  gives  off  the  descending  aorta,  and  supplies  the  carotids 
and  Bubclaviana.    The  foramen  ovale  remains  open,  or  there  is  no  septum  between  the 


■  For  a  description  of  this  case  see  Xoiihrup.  Trans.  N.  Y.  Path.  Soc.,  i: 
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auricles.    The  ventricular  septum  is  also  usually  defective.    Tbe  right  ventricle  is 
taypertropbied. 

3.  The  pulmonary  artery  is  stenosed  or  closed.    Its  branches  arc  supplied  by  tbe 


no.  aa.— OPBNINO  is  TEIB  VENTRICI'LIR  SRPTl'K   Or  mi   UEAHT^IMTRVINTRICCLAH  FDKIUIH. 

TbeopeolDKlsaboutSniin.  ladlameler.  uid- Ics  edges  are  lonnvd  by  Dbrous  tlB8ue. 

aorta,  through  tlie  ductus  arteriosus.    The  ventricular  septum  is  defective,  the  foramea 
ovale  is  open,  or  the  auricular  septum  defective. 

III.  The  malfonnatioD  affects  the  aorta  and  pulmonary  artery  after  they  are  more 
fully  developed. 

1.  There  la  Btenosia  of  the  aorta  between  the  left  subclavian  and  ductus  arteriosus, 
or  Just  at  the  opeoin^  of  the  ductus  arteriosus.  The  desceadiDg  aorta  is  then  a  con- 
tinuation ot  the  pulmonary  artery. 

2.  The  aorta  gives  off  all  its  branches  from  the  arch,  but  the  descending  aorta  is  a 
continuation  of  the  pulmonary  artery;  or  the  carotids  may  spring  from  the  aorta,  the 
subclaviaus  from  the  pulmonary  artery. 

8.  The  vessels  are  transposed ;  tbe  pulmonary  artery  arises  from  the  left,  the  aorta 
from  the  right  ventricle ;  the  pulmonary  veins  empty  into  the  left,  tiic  vente  cavte  into 
Jie  right  auricle;  or  the  veins  also  may  be  transposed.    The  septa  are  defective, 

IV.  Theaorta  and  pulmonary  artery  are  normal,  but  the  cardiac  septa  are  defective. 

1.  The  foramen  ovale  remains  partly  open.  This  condition  may  continue  through 
life  without  ill  effects.  It  has  been  found  by  some  observers  in  about  one-fifth  of  their 
autopsies. 

2.  The  ductus  arteriosus  may  remain  open  for  many  years;  this  also  may  cause  do 
disturbance. 

3.  There  is  a  small  or  large  opening  in  the  ventricular  septum,  usually  in  its  upper 
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part  <Fig.  222).  Tliis  may  give  riBo  to  uo  symploma,  unless  disease  of  the  heart  or 
lungs  be  superadded. 

V.  Eiiber  of  the  aurlculo- ventricular  orifices  may  bo  entirely  closed.  The  fora- 
mcD  ovale  remains  open,  and  the  ventricular  Beptum  is  defective.' 

TI.  The  valves  of  the  diflJerent  orifices  of  the  heart  may  be  absent  or  defective. 
The  arteries  or  the  ventricles  are  usually  defective  at  the  same  time. 

The  aortic  and  pulmonary  valves  may  consist  of  two  large  or  .four  small  leaves. 


no.  B!3.-~Fn(mRinoH  or  ti 

iDstcad  of  the  usual  three.  The  edges  of  the  wmilunar  valves  may  be  fenestrated  (F^'g. 
328).     These  alterations  are  usually  of  no  siguificuucc. 

Qenerally  speaklug,  the  cxistcDcc  of  openings  between  the  tno  auricles  or  llic  two 
veatricli'S,  admittiug  some  admixture  of  veuous  and  arterial  blood,  produces  no  marked 
change  in  the  circulation.  If,  however,  the  i)assage  of  ihe  current  of  venous  blood  into 
the  right  heart  fa  in  any  way  interfered  with,  the  consequences  are  very  serious.  Cya- 
uosis  is  produced,  the  sldnis  of  a  bluish  color,  the  small  veinaand  capillaries  are  dilated, 
exudation  of  serum  and  hypertrophy  of  couuective  tissue  take  place,  especially  in  the 
fingers  and  toes. 

There  tnay  be  absence  of  the' heart;  abnormal  septa  and  cbordie  tendineie  (Pig. 
224)  In  the  heart  cavities;  abnoruial  shapes  of  the  heart.  Verj-  rarely  two  more  or  less 
perfect  hearts  are  found  Id  ibe  same  (borax. 

Malpositions  op  the  Heart.— (1)  There  is  a  smaller  or  larger  defect  in  the  walls 
of  the  thorax,  so  tliat  the  heart  projects  on  the  outside  oF  the  chest;  the  pericardium  is 
usually  absent. 

(3)  The  diaphragm  is  absent,  and  the  heart  is  in  the  abdominal  cavity. 

(3)  The  heart  is  in  some  part  of  the  neck  or  head ;  this  occurs  only  in  fiEtuses  very 
much  malformed. 

(4)  The  heart  is  transposed,  being  on  the  right  side. 

Abnorhal  Size  op  the  Heart.— (1)  The  heart  may  be  abnormally  large  in  con- 
nection with  obstructive  anomalies  of  the  great  vessels. 

(2)  The  heart  may  be  abnormally  small  (hypoplasia).  This  abnormality  is  apt  to 
be  associated  with  the  so-called  status  lymphaticus  (see  page  867). 

DiHPLACEMEKTB  OF  THE  llEART.^L'hanges  in  the  position  of  the  heart  are  con- 
geuital  or  acquired.    The  congenital  malpositions  have  already  been  mentioned. 

The  acquired  malpositions  may  be  associated  with; 

1.  Hypertrophy  of  the  heart;  its  long  axis  approaching  the  horizontal  position. 

3.  Changes  in  the  thoracic  viscera.    Emphysemaof  both  lungs  may  push  the  heart 

'  Consult  for  a  study  of  rare  forms  of  cardiac  anomalies,  llekit/eii.  Am.  Jour,  Hed. 
Sciences,  vol.  cxxi.,  p.  108,  1901,  bibl. 
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downward.  Einphysciiia,  pleurisy  witJi  uftusion,  or  pneumotLoras  ot  one  aide  piiBbee 
the  heart  to  the  oUier  side.  Pleuriaj-  or  chronic  pneumooia,  producing  retraction  of  one 
side  of  the  thorax,  draws  the  lieart  to  thai  side.  New  growths,  aaeurisma.  aod  curva- 
tures of  the  spiue  displace  the  heart  in  various  directions. 

3.  Cliauges  in  the  abdomen.     Accumulations  of  fluid  and  new  growths  In  the  ab- 
domen, and  tympanites,  may  push  the  heart  upward. 


Hvliy  uf  th«  v<>iiuicle. 


WOUITDS  AKD  BUPTORES. 

Wounds  of  the  lieart  are  most  frequently  made  by  penetrating  iDStni- 
meiits,  by  bullets,  and  by  fnigments  of  bone.  The  rigid  ventricle  is  the 
more  frequently  wounded  (Fig,  225) ;  next  the  left ;  rai-ely  the  auricles. 
The  wound  may  penetrate  into  the  cavities  of  the  heart  or  piiss  only  partly 
through  its  w^l,  or  a  bullet  or  the  broken  end  of  a  weapon  may  be  em- 
bedded lu  the  wall.  If  the  wound  penetrate  a  cavity  and  be  gaping, 
death  may  follow  instantly  and  the  pericardium  be  found  filled  with 
blood.  If  the  wound  be  small  and  oblique,  the  blcKid  may  escape  grad- 
ually and  death  may  not  ensue  for  several  days.  In  rare  cases  adhesions 
are  formed  with  the  pericardium  and  the  wound  cicatrizes.     Wounds 
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which  do  not  penetnite  may  cause  death  hy  the  iuflamuiation  which  they 
excite,  or  they  may  cicatrize. 

Bullets  and  foreign  bodies  may  become  encapsulated  iothe  heart  wall 
and  remain  so  for  yeai-s. 

Saptnre  of  the  heart  wall  occurs  iu  various  ways  : 

I.  Severe  contusions  of  the  thorax  may  produce  rupture,  usually  of 
one  of  the  auricles. ' 


2.  Spontaneous  rnptnre  occurs  ttsnally  in  advanced  life.  Rupture 
is  most  frequent  in  the  left  ventricle,  and,  in  a  considerable  proportion  of 
cases,  near  the  apex.  There  is  usually  one  rupture,  but  sometimes  there 
are  more.  The  rupture  is  usually  oblique  and  larger  internally  than  ex- 
ternally. The  heart  wall,  near  the  seat  of  rupture,  may  be  iufiltrated  with 
blood,  or  blood  may  infiltrate  the  subperieardial  fat.  The  heart  wall 
may  be  of  normal  thickness,  or  thin ;  it  is  usually  soft  and  in  a  condition 
of  fatty  infiltration  or  degeneration.  The  rupture  very  frequently  takes 
place  when  the  patient  is  quiet.  Death  may  be  almost  instantaneous  or 
niay  not  ensue  for  several  hours. 

Fatty  degeneration  leading  to  rupture  of  the  heart  may  be  general,  or 
it  is  fi"equently  circumscribed  and  due  to  obliterating  endarteritis,  athe- 
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TOma,  thrombosis,  or  embolas  of  one  of  the  coronary  arteries,  whereby  a 
portion  of  the  heart  wall  is  deprived  of  nourishment  and  degenerates.  Or 
mpture  of  a  branch  of  one  of  the  coronary  arteries  may  induce  rupture 
of  the  heart  wall.  Acute  and  chronic  myocarditis,  with  or  without  the 
formation  of  abscess  or  cardiac  aneurism,  or  the  presence  of  tumors  in  the 
heart  wall,  or  hydatids,  may  lead  to  rupture. ' 

3.  In  rare  cases  rupture  is  associated  with  stenosis  of  the  aorta  and 
dilatation  of  the  heart  cavities. 

i.  Rupture  of  the  papillary  muscles  and  tendons  may  be  due  to  fatty 
degeoeratiou  or  inflammatory  or  ulcerative  processes. 


Atrophy  of  the  walls  of  the  heart  may  be  accompanied  with  no  change 
iu  the  size  of  its  cavities;  or  with  dilatation  ("paasive  dilatation");  or, 
more  frequently,  with  dlminutioD 
iu  the  size  of  the  cavities. 

The  atrophy  involves  most 
frequently  all  the  cavities  of  the 
heart,  but  may  be  confined  to  one 
or  more  of  them. 

The   muscular  tissue  appears 

normal,  or  may  be  brown  from  the 

S;  presence  of  little  granules  of  pig- 

A  mentin  the  muscle  fibres,  which 

"  are  sometimes   present   in  large 

numbers — broum  atrophy;   or  the 

muscle  fibres  may  undergo  fatty 

degeneration ;  or  there  may  be  an 

Fio.  s». -ATROPHIC  piRiCARDiiL  Fat  TrsscK.        abnormal    accumulation    of    fat 

pnini  a  joung  peraon dead  ot  (srciDamHof  the  Blum-     beneath  the  pericardium ;  or  there 

«^nd  periwoeum.    BUlned  «lth  <»mk  «:W  and        ^^^     ^     ^      peculiar      gelatinOUS 

material  beneath  the  pericardium 
— this  consists  of  fat  which  has  undergone  mucous  degeneration.  The 
heart  may  be  so  much  atrophied  as  to  weigh  only  four  ounces. 

Atrophy  of  the  heart  may  be  congenital ;  it  may  be  associated  with 
repeated  hffimorrhiiges  or  wasting  diseases,  or  senility,  with  chronic  peri- 
carditis, with  effusion,  with  obstructive  lesions  of  the  coronary  arteries, 
with  chronic  myocarditis,  or  mitral  stenosis. 

Atrophy  of  Uie  Pericardial  Fat  Tiasae  not  iufrequently  occurs  in  per- 
sons emaciated  by  chronic  disease,  and  then  the  usual  situations  of  the 
fat  are  occupied  by  a  tl-ssue  resembling  mucous  tissue  in  its  gross  charac- 
ters. Microscopical  examination  shows  that  in  this  atrophic  fat  the  fiat 
cells  have  largely  lost  their  contents,  and  the  whole  tissue  has  undergone 
a  partial  reversion  to  its  embryonic  form  (see  Fig.  22()). 

a  Lbe  Heart."    Boaton  Med-  and 
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Hypertrophy  may  involve  the  walls  of  one  or  more  ©rail  the  cavities 
of  the  heart.  While  the  wall  of  a  veotriele  is  thickened,  its  cavity  may 
retain  its  normal  size — simple  hypertrophy ;  or  be  dilated — excentiie  hyper- 
trophy ;  or  it  may  be  contracted — ayncerUric  hypertrophy. 

Oire  sbonld  always  be  exercised  in  judging  of  this  condition,  for  a 
firmly  contracted  heart  seems  to  have  a  small  cavity  and  thick  walls. 
The  existence  of  such  a  condition  as  concentric  hypertrophy  is  denied  by 
some  authors.  Excentric  hypertrophy  is  the  most  common  form.  §im- 
ple  hypertrophy  is  not  common,  but  may  occur  in  connection  with  the 
atrophied  kidneys  of  chronic  diffuse  nephlltis.  The  muscle  tissue  in 
hypertrophied  hearts  is  firmer  and  denser  than  normal,  and  is  apt  to  have 
a  darker  color.  Fatty  degeneration  may,  however,  be  associated  with 
it,  giving  the  walls  a  lighter  appearance.  It  is  probable  that  the  increase 
of  tissue  in  the  hypertrophied  heart  wall  is  the  result  of  increase  both  iu 
size  and  number  of  the  muscle  fibres.' 

Hypertrophy  of  both  ventricles  increases  both  the  length  and  breadth 
of  the  heart.  Hypertrophy  of  the  left  ventricle  (alone)  increases  its 
length.  The  apex  is  then  lower  and  farther  to  the  left  than  usual.  Hy- 
pertrophy of  the  right  ventricle  (alone)  increases  the  breadth  of  the 
heart  toward  the  right  side ;  but  sometimes  the  right  edge  of  the  heart 
retains  its  normal  situation  and  the  apex  is  displaced  to  the  left.  With 
large  hypertrophy  of  both  ventricles,  the  base  of  the  heart  may  sink,  so 
that  its  long  axis  approaches  a  horizontal  direction. 

Hypertrophied  hearts  may  weigh  from  forty  to  fifty  ounces,  or  even 
more. 

Hypertrophy  of  the  heart  may  depend  npon  a  variety  of  conditions 
which  increase  its  work. 

1.  Changes  in  the  valves;  either  insufficiency  or  stenosis  iu  the 
valves  leading  from  a  cavity,  and  iusulficieucy  in  valves  leading  to  a 
cavity,  jnay  induce  hypertrophy  of  its  walls. 

2.  Obstruction  to  the  passage  of  blood  through  the  arterial  system, 
as  in  arteriosclerosis  and  other  lesions  of  the  arteries;  congenital  or 
acquired  stenosis  of  the  aorta  or  other  vessels,  pressure  of  tumors,  etc., 
on  vessels.  Certain  forms  of  chronic  diffuse  nephritis,  especially  atro- 
phied kidneys,  lead  to  hypertrophy  of  the  left  ventricle,  and  sometimes 
secondarily  to  hypertrophy  of  the  right  ventricle. 

3.  Obstruction  to  the  passage  of  blood  through  the  pulmonary  artery 
by  stenosis  or  by  certain  diseases  of  the  lungs,  particularly  emphysema 
and  chronic  phthisis,  may  lead  to  hypertrophy  of  the  right  ventricle, 
and,  secondarily,  of  the  right  auricle  and  left  ventricle. 

4.  Any  cause,  whether  muscular  or  uervous,  which  increases  the  ra- 
pidity and  force  of  the  heart's  contractions,  may  induce  hypertrophy. 

'  For  ft  suggestive  study  of  cardiac  hypertrophy  see  WeleJt,  "  Adaptation  Iu  Patbo- 
kgical  Processes."    Trans.  Congr.  of  Amencan  PhysiclAns  aod  Burgeons,  vol.  tv.,  181)7. 
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5.  Dilatation  of  tlie  ventricles,  from  aoy  cause,  is  freqoently  followed 
by  hypertrophy. 

6.  Pericarditis  may  lead  to  hypertrophy  by  inducing  softening  and 
dilatation  of  the  ventricles,  or  by  leaving  adhesions  which  obstruct  the 
heart's  action.     Chronic  myocarditis  also  may  lead  to  hypertrophy. 

Finally,  for  some  cases  of  hypertrophy  no  satisfactory  cause  can  be 
found. ' 

It  should  be  borne  in  mind  that  an  increase  in  the  amount  of  fat  in 
and  about  the  heart'  maj'  make  the  organ  appear  larger,  when  there  may 
be  actually  a  considerable  decrease  in  the  amount  of  muscle  tissue. 

dhjltation. 

Dilatation  may  be  combined  with  hypertrophy — actwe  diiatation ;  or 
there  may  be  no  increase  of  muscle  tissue,  but  a  thinning  of  the  walls 
proportionate  to  the  dilatation  of  the  ca,v\\y~—pamve  dilatation. 

Either  one  or  all  of  the  heart  cavities  may  be  dilated,  the  auricles 
most  frequently ;  next  the  right  veutricle ;  least  often  the  left  ventricle. 

Active  dilatation  has  been  considered  under  hypertrophy. 

Passive  dilatation  may  be  associated  with : 

1.  Changes  in  the  valves.  Mitral  or  aortic  stenosis  or  insufficiency 
may  lead  to  dilatation  of  the  anriclos  and  right  veutricle.  Pulmonai? 
stenosis  or  insufficiency  may  lead  to  dilatation  of  the  right  auricle  and 
right  ventricle.  Aortic  insufficiency,  with  or  without  stenosis  or  mitral 
insufBciency,  may  lead  to  dilatation  of  the  left  ventricle.  Dilatations 
under  these  conditions  are  often  succeeded  and  compensated  for  by 
hypertrophy  of  the  heart  walls. 

2.  Changes  in  the  muscle  tissue  of  the  heart  walls.  Serous  infiltra- 
tion from  pericarditis,  myocarditis,  fatty  degeneration  aud  infiltration, 
atrophy  of  the  muscle  fibres,  may  all  lead  to  dilatation. 

3.  A  heart  which  is  already  hypertrophied  may,  from  degeneration 
of  the  muscle,  become  dilated. 

4.  Acute  exudative  infiammations  of  the  lungs  and  acute  pleuritic 
exudations,  by  rendering  a  large  number  of  vessels  suddenly  imperme- 
able to  the  blood  current,  may  produce  sudden  stasis  in  the  pulmonary 
artery  and  dilatation  of  the  right  heart. 

5.  There  are  curious  and  often  serious  cases  of  acute  and  chronic 
dilatation  of  the  ventriclcH  for  which  no  mechauical  explanation  is  found. 

CHANOSS  IN  THE  HEART  VALVES. 

Fenestration  of  the  valves  is  iisually  a  change  of  no  practical  impor- 
tance. It  occurs  very  frequently  in  the  aortic  and  pulmonary  valves.  The 
valves  may  be  thinner  than  usual,  and  close  to  their  free  edges  are  small 
slits  extending  from  the  centre  to  the  attached  edges  of  a  leaf  {Fig.  208). 

'  Iloieard'*  table  of  105  eases  of  citniiHC   hypertrophy   shows  its 
arlerio-sclerosis  m  ■'59  per  cent;  with  ni^phrilia  in  18.4  r 
12.4  per  cent.     Juliiis  Hopkius  Hospital  Iteporta,  vol.  i 
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AnenriiniB  of  the  valves  are  formed  in  two  ways: 

1.  Tliey  are  the  result  of  endocarditiB.  Odc  of  the  lametlEB  of  the 
leaf  of  a  valve  is  destroyed,  and  the  other  lamella  is  converted  iuto  a  sac 
filled  with  blood.  These  aneurisms  are  found  in  the  aortic  valve,  pro- 
jecting into  the  ventriele;  and  in  the  mitral  valve,  projecting  iuto  the 
auricle.  Kot  infrequently  the  wall  of  the  aneurism  gives  way,  so  that 
there  is  a  rupture  entirely  throi^h  the  valve. 

2.  The  entire  thickness  of  a  leaf  of  a  valve  is  pouched,  forming  a  sao 
filled  with  blood.     This  occurs  iu  the  aortic,  mitral,  and  tricuspid  valves. 

Hnmorrhage  in  the  substance  of  the  valves  is  sometimes  found  in  very 
young  childreu. 

AirEusisac  of  the  heast. 

Sacs  filled  with  blood,  situated  in  the  walls  of  the  heart  and  commnni- 
eating  with  its  cavities,  are  formed  in  several  different  ways. 

1.  In  interstitial  myocarditis  a  small  or  large  portion  of  the  wall  may 
be  replaced  by  fibrous  tissue,  and  this  yielding  to  the  pressure  of  the 
blood  from  within,  may  be  pressed  outward.  Such  a  pouch  may  be  a 
circumscribed  sac  communicating  with  the  heart  cavity  by  a  small  open- 


S  UIAKT  OPEMNO  FROM  THE  LETT  VEXTBICLE  INTO  TBS  BlOHT  ACRICLE. 

Seen  from  behind. 
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ing,  or  may  be  a  simple  dilatation  of  part  of  tlie  ventricle.  The  vail  of 
SQch  an  anearism  becomes  thinner  aa  the  eac  increases  iu  size.  It  is  com- 
posed of  the  endocardium,  new  fibrous  tissue,  visceral  i>ericardium,  and 
sometimes  the  adherent  parietal  pericardium.  The  vails  may  calcify,  or 
rarely  they  become  so  thin  as  to  rnptnre  externally  or  into  the  right  ven- 
tricle.    The  sacs  may  contain  Quid  blood  or  be  filled  with  fibrin. 

Snch  aiienrisms  are  usually  situated  in  the  wall  of  the  left  ventricle; 
rarely  in  that  of  the  left  auricle.  If  they  are  in  the  septum  they  may 
project  into  the  right  ventricle  or  auricle  (Fig.  227).  They  are  usually 
single,  but  sometimes  two  or  three  are  found  iu  the  same  beari<. 

2.  Fatty  degeneration  of  the  heart  wall  may  reach  such  a  degree  that 
the  wall  yields  and  is  pouched  out  into  an  aneurismal  sac. 

3.  Eadoca'rditis  aud  myocarditis,  or  fatly  degeneration,  may  so  soften 
a  portion  of  the  heart  wall  that  the  endocardium  aud  part  of  the  muscu- 
lar tissue  are  ruptured  and  a  ragged  cavity  is  formed.  This  form  of  an- 
eurism usually  does  not  attain  a  large  size,  but  soon  ruptures  externally 
and  causes  the  death  of  the  patient. 

Small  aneurisms  of  the  sinus  of  Valsalva  are  of  occasional  occurrence. 


THBOICBOSIS  OF  THE  HSAST. 

It  is  common  to  find  after  death,  in  the  heart  cavities,  yellow,  succu- 
lent, semi -translucent  masses.  They  are  most  common  and  of  firmest 
texliure  in  persons  who  die  of  acut«  inflammatory  diseases.  They  may 
adhere  quite  firmly  to  the 
walls  of  the  heart,  and  may 
extend  in  long,  branching 
cords  into  the  vessels.  They 
are  foi-med  in  the  last  hours 
of  life  and  just  after  death. 
They  have  no  clinical  or  pa- 
thological imporiance. 

Coagula  of  the  fibrin  of  the 
blood  in  the  heart  do,  how- 
ever, form  during  life,  and 
may  exist  for  years.  If  the 
fibrin  adheres  to  the  valves  in 
small  masses  these  are  called 
vegetations;  if  it  coagulates 
in  the  heart  cavities  in  larger 
bodies  they  are  called  thrombi 
or  heart  polypi. 

Such    thrombi   are  found 

in    all    the     heart     cavities. 

They   form    flattened  masses 

m.  m-poLYPoro  THEOMBM  w  THE  LEFT  AURioLi  OP     fi^uV  adhcrout  to  tho  oudo- 

Tse uiroinbu.wM dim redin color. mihsmoouiguriBM.      cardium ;  or  rounded   bodies 
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in  the  spaces  between  the  trabecals ;  or  have  a  polypoid  shape  aiid  are 
attached  by  a  uarrow  pedicle  (Fig.  228),  or  very  rarely  are  globular  aud 
free  iu  the  cavity  of  the  auricle  (Fig.  229),     Cardiac  thrombi  are  most 


tia.  am.— Lxitoi;  Ulobolir  Turoubub  in  the  Riqht  aubici-i  or  thi  Hurt. 

freqneut  in  the  auricular  appendages  and  between  the  column*  carnese 
near  the  apices  of  the  ventricles. 

Theyare  usually  found  in  connection  with  some  valvular  lesion  (Fig. 
230),  which  involves  a  roughening  of  the  surface,  or  prevents  the  free 
oirculatiou  of  blood  through  the  heart. ' 

Old  cardiac  thrombi  are  firm,  dry,  and  of  a  whitish  color;  they  may 
soften  and  break  down  at  their  centres,  so  as  to  look  like  cysts  filled 
with  pus,  or  they  may  calcify.  They  are  usually  entirely  nuorganized, 
consisting  simply  of  fibrin,  but  may  become  oi^nized. 

Cases  are  reported  of  organized  thrombi  in  the  auricles,  the  seat  of 
tubereulous  infiammation.* 

'  For  a  study  of  cardiac  thrombosis  see  MarHa  and  Bennie,  TiOncet.  18SS,  ii.,  p.  783. 
Bee  also  WfUh  m  Allbutt's  "System  of  Medicine,"  vol.  vi,,  p.  183. 

^Kotlar.  lU-f.  Cbl.  f.  Bait..  Abth,  1,  Bd.  xv.,  p.  498.  1894;  &)ao  Mour,  I.  r..  p.  40«. 
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Sometimes  sarcomatous  and  carciDomatous  tumors  in  difTerent  parts 
of  the  body  are  accompanied  by  the  formatioo  of  thrombi  iu  the  heart 


Fia.  90;— THHousrs  Forhid  otes  Tnk  rodorknkd  Edqh  or  thr  mitral  falte. 

cavities,  which  are  composed  partly  of  coagulated  blood,  partly  of  tis- 
sue like  that  of  the  primary  tumor. 

DBOENEBATIOir. 

AlbuminonB  Degeneration.    (Farenchymatoiu  Se^neration.) — ^Tfais  le- 
sion frequently  occurs  in  diphtheria,'  typhoid  and  typhus  fever,  pyaemia, 
erysipelas,  and  other  infectious  diseases,  an  a  result  of  burns,  and  under  a 
variety  of  other  conditions.     It  is  characterized  by  the  presence  in  the 
muscle  fibres  of  the  heart  of  greater  or  less  numbers  of  albuminous  gran- 
ules of  various  sizes,  most  of  them  very  small.     They  are  not  as  refractile 
as  fat  droplets,  and  are  insoluble  in  ether,  while  swelling  up  and  be- 
coming almost  invisible  under 
the  influence   of  acetic    acid. 
Sometimes  they  are  so  abun- 
dant as  to  conceal  the  stria- 
tions   of  the  fibres.     The  de- 
generation is  usually  quite  uni- 
formly  diffused    through   the 
heari,   whose  walls  are  softer 
than  normal  and  of  a  grayish 
color.     This  lesion  may  be  as- 
sociated with   or   followed  by 
Fio.  211.— Fatty  dugknuiition  of  heart  hcscle.      fatty  degeneration. 

Patty  S^eneration    of  the 
Heart  Hnule. — This  consists  in  the  transformation  of  portions  of  the  mus- 
cle fibres  of  the  heart  into  fat,'  which  collects  iu  the  fibres  in  larger  and 
smaller  droplets,  sometimes  few  in  number,  sometimes  so  abundant  as 
'  See  reference,  p.  2(10  '  Si-u  ii) 


Digitized  byGoOgIC 


THE  CIBCULATOEY   SYSTEM.  435 

entirely  to  destroy  or  conceal  the  uonnal  striations  (Pig.  231).  These 
droplets  are 'soluble  in  ether,  and  remaio  unchanged  ou  treatment  with 
acetic  acid.  This  degeoeratioD  is  sometimes  quite  uujversal,  but  is  more 
apt  to  occur  in  patches,  giving  tlie  heart  muscle  a  mottled  appearance. 
This  mottling  may  usually  be  best  seen  on  the  papillary  muscles.  The 
d^enerated  areas  have  a  pale  yellowish  color,  and  the  muscle  tissue  is 
soft  and  flabby ;  but  when  moderate  or  slight  In  degree  the  gross  appear- 
ance may  be  little  changed,  and  the  microscopical  examination  be  neces- 
sary for  its  determination.  This  d^eneration  may  lead  to  thinning  of 
the  walls,  or  to  rupture  of  the  heart,  or  to  inability  to  fulfil  its  functions. 
It  is  not  infrequently  the  cause  of  sudden  death. 

Fatty  degeneration  may  be  secondary  to  hypertrophy  of  the  heart,  to 
inflammation  of  the  heart  muscle,  or  to  perieiii-ditis ;  to  disturbances  of 
the  circulation  in  the  coronary  arteries  by  inflammation,  atheroma,  etc. 
It  may  be  due  to  deteriorated  conditions  of  the  blood  in  wasting  diseases, 
excessive  hsemorrhages,  exliausting  fevera,  leukaemia,  etc.,  to  poisoning 
with  phosphorus  and  arsenic,  and  to  the  toxins  of  inicrobic  origin  de- 
veloped in  infectious  diseases,  such  as  diphtheria,  scarlatina,  typhoid 
fever,  etc'     It  may  occur  in  otherwise  apparently  healthy  persons. 

Fatty  Degeneration  of  the  Endooardinm. — It  is  not  uncommon  to  find, 
especially  in  elderly  persons,  fatty  degeneration  occurring  in  patches, 
especially  on  the  valves,  but  also  on  the  general  endocardium.  It  may 
also  occur  in  ill-nourighed  and  amemic  individuals.  Small,  or  even 
considerable,  areas  of  fatty  degeneration  appear,  a&  a  rule,  to  be  of  lit- 
tle or  no  clinical  significance.  They  are  at  least  not  inconsistent  with 
perfect  health.  In  these  areas  of  fatty  degeneration  the  connective- 
tissue  cells  are  more  or  less  completely  filled  with  larger  and  smaller  fat 
droplets. 

Amyloid  Degeneration  of  the  endocardium  or  the  walls  of  the  blood- 
vessels and  intermuscular  connective- tissue  septa  is  a  not  very  infre- 
quent, but  usually  not  very  important  lesion. 

Hyalin  Degeneration  sometimes  occurs  in  the  blood-vessels  and  in  the 
muscle  fibres. 

There  may  be  oaloiflcation  of  the  products  of  inflammation  in  pericar- 
ditis, or  of  connective-tissue  membranes  in  chronic  pericarditis;  in  the 
latter  case  the  heart  may  be  more  or  less  enclosed  by  a  calcareous  shell. 
The  muscle  fibres  of  the  heart  wall  may,  though  rarely,  become  densely 
infiltrated  with  salts  of  lime. 

Fatty  Infiltration. — This  lesion,  which  should  be  clearly  distinguished 
from  fatty  degeneration,  consists  of  an  unusual  accumulation  of  fat 
about  the  heart  and  between  its  muscle  fibres. 

The  subpericardial  fat,  which  may  be  present  in  considerable  quantity 

under  normal  conditions,  may  be  so  greatly  increased  in  amount  as  to 

,  form  a  thick  envelope  enclosing  nearly  the  entire  organ.     Sometimes  the 

accumulation  of  fat  extends  into  the  walls  of  the  heart,  between  the 

muscles,  causing  atrophy  of  the  latter,  frequently  to  a  very  great  extent 

'  Consult  flexner,  Johos  Hopkins  llospilal  Bulletin,  vol.  v.,  p,  26,  1694. 
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(Fig.  232),  80  that  the  fnnctiou  of  the  heart  is  seriously  interfered  with. 
This  occurs  sometimes  iu  general  obesity,  or  as  a  result  of  chronic  peri- 
carditis, or  iu  drunkards,  or  iu  debilitated  or  old  persons. 


FrC.  ae.— FaTTT  INMLTRITION  Or  TtlK  HRART— LIPOMATOSIS. 

Ilw  ledoa  li  excemlve,  the  hesit  muscle  being  to  >  large  eilent  atrophied.    (The  fat  cells  are  r^jH^seDled 


SBOHXNTATIOH  AND  FKAaHENTATION    OF   THE    KTOCABDHTH. 

Attention  has  been  called  by  a  uomber  of  observers  to  a  condition  of 
the  heart  muscle  sometimes  observed,  it  is  said,  in  acute  infectious  dis- 
eases, iu  acute  and  chronic  diseases  of  the  central  nervous  system,  and 
in  sudden  death  from  a  variety  of  causes.  The  muscle  tissue  is  soft,  fri- 
able, opaque,  and  often  yellowish.  E.iamination  shows  a  loosening  of 
the  muscle  cells  from  one  another,  as  if  by  some  change  in  the  cement 
substance — segmentation — or  the  fibres  may  be  broken  nnToas—fi-affmenfa- 
turn.  The  significance  of  this  alteration  is  not  yet  fully  established,  for 
though  in  some  cases  it  is  associated  with  degeneration  and  other  changes 
in  the  heart  muscle,  iu  others  these  are  not  present  and  the  alteration 
may  be  agonal,  or  it  may  in  some  instances  be  due  to  post-mortem 
changes. ' 

THB0UB08I8    AND    EMBOLISM    OF    THE    COBONABY    ABTEUBS. 

Thrombosis. — ^Tliis  may  occur  in  association  with  endarteritis  of  the 
coronaries  or  from  their  occlusion  at  their  orifices,  either  by  inflammation 
of  the  aorta  or  by  vegetations  or  clots  on  the  aortic  valves.     While  the 
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blocking  of  one  main  truuk  of  the  coronary  artery  may  cause  sudden 
death  tliis  Is  not  always  the  case.  The  interventricular  branch  of  the 
left  coronary  artery  is  the  moBt  frequent  seat  of  thrombosis,  so  that  in- 
farction which  usually  follows  thrombosis  is  most  often  situated  in  the 
anterior  wall  of  the  left  ventricle  and  the  lower  portion  of  the  inter\'en- 
tricular  septum.  The  characters  of  such  infarctions  and  the  processes 
which  follow  are  given  below. 

EmboUtm  of  the  coronary  arteries  is  much  less  common  than  thrombo- 
sis and  may  be  followed  by  similar  lesions  of  the  myocardium.  Infec- 
tive emboli  are  frequent  excitants  of  suppurative  lesions  of  the  myocar- 
dium. 

inflamuation. 
Myocaeditis. 

The  inflammatory  changes  in  the  walls  of  the  heart  involve  primarily 
the  interstitial  tissue  and  blood-vessels,  the  muscle  fibres  beiug  secon- 
darily affected  by  atrophic  and  degenerative  changes. 

Interstitial  Myooarditia  may  be  acute  and  suppurati^'e,  or  chronic  with 
the  formation  of  new  connective  tissue. 

Aonte  Suppurative  Myooarditia  may  be  diffuse,  infiltrating  the  wall  of 
the  heart  with  pus.     This  may  occur  as  a  complication  of  infectious  dis- 


ria.  JSB.~B«CTER[AL  EMBOLDS    in    UllBT  Hl'SCLE. 

r  Is  Widely  dlslended.  Tl>e 

eases,  such  as  scarlatina,  diphtheria,  typhoid  fever,  gonorrhoea,"  or  may 
be  associated  with  ulcerative  endocarditis.' 

More  frequently  the  suppurative  inflammation  is  circumscribed,  re- 
sulting in  abscesses.  These  occur  with  pyemia,  mycotic  ulcerative  endo- 
carditis, and  other  infections  diseases.  They  are  of  different  sizes  and 
either  single  or  multiple.     They  are  produced  by  the  lodgment  of  infec- 

'  For  a  consideration  of  gonorrhoea!  myocarditis,  consult  Counetlman,  American 
Journal  of  the  Medical  Sciences,  vol.  cvi,,  p.  277.  18B3. 

'For  a  special  study  of  this  mode  of  origin  see  Joweraiid  and  Bonnet,  Arch,  de 
Medecine  exp.  et  <1.  Path,  anat.,  t.  x\.,  p.  070,  1899. 
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tiouB  emboli  in  small  vessels.  There  is  at  first  necrosis  of  the  muscle 
fibres  uear  the  bacterial  mass  (Fig.  233),  followed  by  local  suppuration 
and  the  formation  of  abscess.  The  contents  of  the  abscesses  consist  of 
pus,  broken-down  m\iscle  tissue,  and  bacteria."  These  abscesses  may 
open  into  the  pericardial  sac  and  set  up  a  purulent  pericarditis;  or  into 
a  heart  cavity,  giving  rise  to  thrombi  in  the  heart  and  infective  emboli  in 
different  parts  of  the  body;  or  the  wall  of  the  heart  is  weakened  by  the 
abscess  so  that  it  ruptures,  or  an  aueurisnial  sac  is  formed ;  or  an  abscess 
in  the  interventricular  septum  may  establish  an  opening  between  the 
ventricles;  or  the  suppurative  process  may  extend  upward  and  form  an 
abscess  in  the  connective  tissue  at  the  base  of  the  heart.  Streptococcus 
and  staphylococcus  pyogenes  are  the  most  common  excitants. 

In  rare  cases  the  patients  recover,  the  contents  of  the  abscesses  be- 
come dry  and  hard,  and  enclosed  by  a  wall  of  fibrous  tissue,  or  the  con- 
tents may  be  absorbed  and  the  whole  replaced  by  fibrous  tissue. 

Chronic  Interstitial  Hyocarditis  may  be  associated  with  chronic  peri- 
carditis or  endocarditis;  but  in  a  large  proportion  of  cases  It  occurs  in 
connectiou  with  lesions  of  the  coronary  arteries. 

When  through  oblitei-ating  endarteritis,  atheroma,  thrombosis,  or 
embolus  of  a  branch  of  the  coronary  arteries,'  the  blood  supply  is  cut  off 
from  a  circumscribed  portion  of  the  heart  wall,  the  tissue  in  the  affected 
area  may  undergo  fatty  degeneration,  leading  to  rupture.'  Or,  instead 
of  extensive  fatty  degeneration,  the  cutting  off  of  the  blood  supply  from 
a  limited  region  may  result  in  necrosis — xthite  infarction.  These  area^ 
grayish  in  color,  often  slightly  projecting  from  the  surface,  are  fre- 
quently sniTOundcd  by  a  red  zone  of  hypenemia.  The  nuclei  of  muscle 
and  fibrous  tissne  fail  to  stain,  the  muscle  cells  become  necrotic,  lose 
their  striation  aud  degenerate,  and  may  be  absorbed  or  gradually  replaced 
by  fibrous  tissue.  When  larger  areas  are  involved,  the  muscle  fibres 
may  break  down  into  a  graunlar  detritus  and  the  connective  tissue  about 
them  suffer  degeueiation  or  necrosis,  so  that  the  whole  affected  area  may 
be  soft  aud  yellowish- white  or  grayish  in  color.  If,  as  not  infrequently 
occurs,  thei'c  is  considerable  extravasation  of  blood,  the  degenerated 
area  may  be  of  a  dark  red  color.'  Under  these  conditions  the  heart  wall 
may  rupture,  or  acute  inflammatorj-  processes  may  occur,  or  the  de- 
generated tissue  may  be  gradually  absorbed  and  replaced  by  granula- 
tion tissue  formed  from  the  surrounding  fibrous  tissue  and  blood-vessels. 

'  For  a  dctftfled  cmiHidi'ration  of  the  formation  of  such  embolic  abscegsee,  sec  p.  113. 

•According  to  Steniix'rg.  the  right  coronary  art«ry  supplies  the  following  regions 
of  the  heart*  moat  of  tLc  rij^lit  auricle;  the  posterior  part  aud  moat  of  the  anterior  part 
of  Iho  right  ventricle;  raosl  of  tht-  interaiinculsr  and  interventricular  septa;  the  pos- 
terior part  of  the  left  ventricle  and  the  posterior  papillary  muBCles.  The  remainder  of 
tlie  heart  is  supplied  by  the  left  coronary  arterj'. 

While  there  are  siiperflcial  anastomoses  between  the  larger  trunks  of  the  coronary 
art«rie8.  their  branches  do  not  communicate  after  they  enter  the  heart  muscle. 

'Through  the  Thebesian  vessels  sufflcient  nutriment  may  reach  the  myocardium  to 
maintain  the  muscle  for  a  lime,  even  witli  considerable  lesion  of  the  coronary  arteries. 
See  Pratt,  American  Journal  of  Physiology,  vol.  i.,  p.  6S,  1898.  Also  BaamgarUn, 
ibid.,  vol.  ii..  p.  848,  1S99. 

'This  condition  of  the  heart  is  often  called  "myomalacia." 
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This  gradaal)y  grows  dense,  sbriiiks,  aud  assumes  the  characters  of  cica- 
tricial tissue. 

This  may  occur  in  any  part  of  the  heart  vail  or  in  the  papillary  mus- 
cles, but  is  most  common  in  the  r^ion  supplied  by  the  anterior  coronary 
arteries.     When  the  heart'  wall  is  involved  the  new-formed  connective 


Fio.  231.— Chkonic  Interstitial  IlTOCAiuiiTia  (FlbrDUH  Ri^lBcement  HrpcrplaaU). 

tissue  may  yield  to  the  blood  pressure  from  witliiu  and  aneurism  of  the 
heart  be  formed. 

Impaired  nutrition  of  a  portion  of  the  heart  wall  a.s  the  result  of  nar- 


rowing or  obliteration  of  the  coronary  arteries  or  their  branches,  whether 
it  lead  to  such  extreme  lesions  as  those  just  described,  or  to  fatty  degene- 
ration, or  to  atrophy  of  the  muscle  cells  with  a  production  of  new  con- 
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nective  tissue,  is  of  great  sigoificauce,  and  it  may  be  the  domiiiaut  factor 
iu  maay  cases  of  saddeo  death. 

Occasionally  there  is  a  formatlouof  uew  coiinective  tissue  in  the  myo- 
cardium as  well  as  in  the  endocardium  without  evident  lesion  of  the  coi'o- 
nary  arteries  or  the  above-mentioned  conditions.  This  growth  may  be 
in  the  form  of  circumscribed  patches,  or  diffused  over  a  considerable 
part  of  the  wall  of  the  heart  (f^gs.  234  and  235) ;  in  both  JDBtaQces  with 
atrophy  of  the  muscle.  Such  au  interstitial  inflammation  is  often  fol- 
lowed by  dilatation  of  the  cavities  of  the  heart,  by  the  formation  of  aneur- 
isms of  the  wall  of  the  heart,  and  of  thrombi  iu  the  cavities  of  the  heart. 


It  is  believed  by  many  obsen'ers  that  the  new  connective  tissue  which 
develops  in  the  heart  in  counection  with  atrophy  of  the  luuscle  fibres,  as 
a  result  of  impaired  imtrition  due  to  a  narrowing  of  the  lumen  of  the 
coronary  arteries,  is  not  in  the  stricter  sense  inflammatory  in  its  nature, 
but  is  rather  Ajibroua  hijifer^jhtsiu,  tlie  new-formed  connective  tissueform- 
ing  secondarily,  to  replace  the  muscle  libreswhich  have  atrophied.  It  is 
interesting  in  this  connection  to  note  that  uuder  these  conditions  the  mus- 
cle fibres  immediately  beneath  the  endocardium  and  close  around  the 
blood-vessels  where  the  nutritive  supply  is  most  abundant  are  often  not 
atrophied,  nor  is  the  growth  of  connective  tissue  marked  (Fig.  236). 

Tnherculoaa  Myocarditia  is  of  occasional  occurrence  and  may  be  asso- 
ciated with  tubercidosis  of  the  pericardium  or  endocardium.' 
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Syphilitie  MyocaiditiB  is  ac- 
companied by  the  growth  of  con- 
nective tissue  or  graualatiou  tis- 
sue ia  the  wall  of  the  heart 
between  the  muscle  fibres.  The 
pericardium  and  eiidocardiom 
may  also  be  thickened,  and  peri- 
cardial adhesions  may  be  formed. 
Gnmmata  of  the  heart  are  of  rare 
occurrence. ' 

Endooarditis. 
The  endocardium  is  a  connec- 
tive-tissue membraue  containing 
but  few  blood-veaaels  which  lines 
the  cavities  of  the  heart  and 
forms  its  valves.  Its  inner  sur- 
face is  covered  with  a  layer  of 
endothelial  cells.  The  connec- 
tive-tissue cells  and  basement  ''°-  sxi.-vlci 
substance  are  principally  con- 
cerned in  the  inflammatory  proc- 
esses. The  new  tissue  thus  pro- 
duced is  proue  to  degeneration  and  calcification. 


E   ENDDL'aHOlTlS. 
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The  roughening  of 


F[a,  238.— UASSEa  or  Baltkria  in  Veqetation  on  thk  Ukart  Valve  in  iNFEtrrtTK 

L.VDOCABUITIS. 

the  endocardium  due  to  the  inflammation  often  leads  to  the  formation 
of  fibrin  on  the  affected  surface. 

),  bibliograplij.    Also 
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The  eudocardium  which  forms  the  valves  is  that  which  is  most  fre- 
quently iuvolved,  but  the  other  portions  of  it  are  by  uo  nieaus  exempt. 

Ill  f<£tal  life  it  is  the  endocardium  of  the  right  heart,  in  extra-iiterioe 
life  that  of  the  left  heart,  which  is  usually  afi'ected. 

1.  Simple  Acate  EndocarditiB.— This  is  frequent  with  iheumatism,  but 
may  occur  uuder  other  eouditions.  It  may  occur  in  a  heart  previously 
healthy,  or  in  one  already  the  seat  of  chronic  endocarditis. 

In  some  cases  the  only  lesion  is  a  simple  swelling  of  the  valves.     These 
are  thick  aud  succulent,  but  their  surfaces  remain  smootli.     The  base- 
ment substance   is  swollen,    and   there   is  a 
ction  of  new  connective -tissue 
liases  the  growth  of  connective- 
ore  marked,  the  basement  sub- 
p,  and  little  cellular  fungous 
sctive  tissue,  called  "vegeta- 
from  the   free  surface  of  the 
On  these  roughened   surfaces 
the  libriii  of  the  blood  is 
deposited,  and  thus  vegeta- 
tions of  considerable  size 
may  be  formed  (see  Fig. 
237).     In  still  other  cases 
the   cell  growth,  while  in 
some  places  forming  vege- 
tations, in  other  places  de- 
generates,   and    thus   i>or- 
tions    of    the    valves    are 
destroyed.     This  is  simple 
acute  ulcerative  endocarditis. 
es  of  this  disease  the  patients 
i  valves  seem  to  return  to  a 
>u;  in  other  cases  the  valves 
lently  damaged;  and  in  still 
uinere  ciirouic  endocarditis  follows  the  acute 
form. 

ciup  oi  tbe  Borttc  valve  «■  Hycotic  or  Malignant  Endocardltu  (Ma- 

lignant Ulcerative  Endocarditis). 
The  direct  excitants  of  simple  aeute  endocarditis  of  the  forms  described 
abo\'e  are  unknown,  but  in  a  considerable  inimber  of  cases  of  acute 
endocarditis  bacteria  have  been  found  in  and  about  the  vegetations,  and 
proved,  by  careful  experiments,  to  stand  in  a  causative  relation  to  the 
lesion. 

Thase  cases  of  acute  endocarditis  in  which  the  lesions  are  induced  by 
the  direct  action  of  bacteria  are  called  mycotic  or  maltffTuint  endocarditis; 
or,  since  the  new-formed  aa  well  as  the  old  tissue  about  the  bacteria  is 
apt  to  become  necrotic  and  thus  lead  to  larger  or  smaller  losses  of  sub- 
stance, the  lesion  is  often  called  malignant  ulcerative  endocarditis.     Cases 


Digitized  byGoOgIC 


THK   OIBCULATOEY  SYSTEM.  443 

of  multiple  auenrism  ia  conuection  with  mycotic  endocarditis  have  been 
reported.  Various  species  of  bacteria  may  be  excitants  of  maliguant 
endocarditis  (Fig.  238). 

It  is  most  commonly  induce<l  by  Staphylococcus  pyogenes  aureus  and 


Fis.  !40.— Chromic  ENM)C:Ibt 


Sti-eptococciis  pyogenes.  Micrococcus  liinccolatus,  B.  typhosus,  B.  tu- 
berculosis. B.  aiithracis,  Micrococcus  gonorrhoete, '  and  others  have  been 
occasionally  found.' 

'  For  references  and  bib1iogra|iliy  of  gonorrbmal  endocarditis  sec  Larligav,  Am, 
Jour.  Hed.  Sciences,  vol.  cxxi.,  \>.  53,  1901. 

'Por  a  general  consideration  of  the  patliology  of  Infective  endocarditis  see  Wnsh- 
bourn  and  others,  BHt.  Med,  Jour,  November  4tb,  p.  12B9.  18S9.  For  a  aludy  of  tbc 
meningococcus  in  acute  ulcerative  endocarditis  sec  Wnrfirld.  Bull,  Univ.  Penna.,  July- 
August,  1903. 
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It  has  furtbennore  been  found  that  a  lesiou  or  injury  of  the  endo- 
cardium, either  on  the  heart  valves  or  elsewhere,  predisposes  to  the  lodg- 
ment and  growth  upou  it  of  pathogenic  bacteria  when  once  they  have 
gained  access  to  the  circulating  blood. 

Mycotic  endocarditis  is  frequently  a  secondary  complicating  lesion, 
but  may  occur  as  a  primary  disease.  It  is  most  apt  to  be  associated 
with  the  acute  infectious  diseases,  and  may  be  one  of  the  local  manifes- 
tations of  pyfemia. 


FIO.  SU.— CUHONIC  ENDOCARDITIS  WITH  CALCIFICATION  OV  TUE  TUICKENID  VALVES. 

In  some  cases  there  is  a  formation  of  new  tissue  in  the  form  of  organ- 
ized vegetations  on  the  valves  or  general  endocardium;  in  other  cases 
necrosis  either  of  the  new-formed  or  the  old  tissue  is  the  most  marked 
feature.  Thrombi  are  apt  to  form  on  the  affected  suifaces  and  often 
lai^ly  make  up  the  so-called  v^etations.  The  mitral  and  aortic  valves 
are  frequently  the  seat  of  the  lesion,  but  it  may  occur  elsewhere. 

B  Prudden, 
Am.  Joi      ""     ' 
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Detitchment  of  bacteria  containing  fntgments  of  the  v^etations  or 
clots  may  give  rise  to  single  or  multiple  inreetious  emboli  and  abscesses 


i.  £111.— Stknoms  oi 


in  various  parts  of  the  body,  such  as  the  spleen,  kidneys,  brain,  skin, 
heart  wall,  etc.  Bacteria  similar  to  those  in  the  heart  lesion  may  be 
found  in  these  secondary  abseeswes. 


It  is  probable  that  abscesses  in  ulcerative  endocarditis  do  not  always 
arise  from  cardiac  emboli,  but  may  precede  the  heart  lesion. 
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3.  Chronic  EndocRrditis  may  sacceed  acute  endocarditis,  or  the  inflam- 
matioii  luay  be  clirouic  from  the  outset.  It  affects  most  fre«iiieDtly  the 
aortic  and  mitral  valves,  and  the  endocardinm  of  the  left  auricle  and 
ventricle ;  aiuiilar  changes  in  the  right  side  of  the  heart  being  much  lees 
frequent. 

There  are  two  main  anatomical  varieties  of  chronic  endocarditis,  which 
may  occur  separately  or  together. 

(1)  The  eudocardium  is  thick  and  dense,  it«  surfaces  are  smooth  or 
covereil  with  small,  hard  vegetations  or  ridges  (Figs.  239  and  240),  it  is 
often  infiltrated  with  the  salts  of  lime. 

(2)  There  is  a  growth  of  connective-tissue  cells  in  the  endocardinm. 


PlO.  SU.— CHRONIC  ENDOCARDITIB. 

RbowlDK  Dbroue  "  v^elalion  "  on  ibe  mitral  valTe,     Wllta  a  lar^  hlouil  riot  (iirmiiil  upon  ft 

with  a  splitting-np  of  the  basement  substance.  Some  of  the  new  cells 
continue  to  live,  others  degenerate.  By  the  combination  of  such  a  cell 
growth  and  destruction  the  endocardium  is  in  some  places  destroyed,  in 
others  changed  into  projecting  vegetations  (see  Fig.  243).  Fibrin  is 
deposited  on  the  ronghened  surfaces  (Fig.  244).  After  a  time  the  con- 
dition may  be  farther  complicated  by  the  shrinkage  and  deposition  of 
the  salts  of  lime  in  the  new  tissue  and  in  the  endocardium  (Fig.  241). 
All  these  changes  may  extend  to  the  wall  of  the  heart  beneath  the  endo- 
cardium. 

The  most  important  result  of  chronic  endocarditis  is  its  effect  on 
the  heart  valves,  producing  insufficiency  and  stenosis  (Fig.  242).  The 
changes   in   the  valves   are    followed   by  changes    in   the    walls    and 
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cavities  of  the  heart,  and  distarbaoces  of  the  circulation  throughout  the 
body. 

4,  Chrooie  Ulcerative  Bndooarditis. — Large  ulcers  or  perforations  of 
the  valves  may  be  formed  iu  chronic  eudocarditis,  upon  which  clots 
niay  form,  so  that  in  gross  appearauce  a  great  similarity  exists  between 
this  and  malignant  ulcerative  endocarditis,  particularly  if  the  latter 
have  been  engrafted  upon  an  already  chronically  diseased  endocardium. 
The  microscopical  and  biological  examinations  must  usually  be  resoi-ted 
to  in  order  to  determine  the  exact  significance  of  the  lesion. 

5.  Taberoolous  Endocarditi*  may  occur  in  connection  with  tuberculous 
pericarditis  or  general  miliary  tuberculosis.  The  tubercles  may  be  small 
and  single,  or  grouped  in  masses,  and  show  the  usual  degenerative 
changes.' 


Primary  tumors  iu  the  heart  are  rare,  but  •aroomsta,  myxonata, 
fibromata,  and  lipomata  may  occur.  Bhabdomyomata,  probably  con- 
genital, may  occur  In  the  heart  wall  as  circnmscribed  nodular  masses.* 
A  eaTemons  tumor  of  this  kind  has  been  described.  Secondary  tumors, 
as  a  result  of  metastasis  or  of  cootinnons  growth  from  the  pleura  or  other 
adjacent  parts,  are  not  very  infrequent.  These  are  usually  osroinomata 
or  sarcomata.    Secondary  ohondromata  have  been  observed.' 

FARA8ITX8. 

Eohinooocciu  sometitaes  occurs  in  the  heart  wall  and  may  perforate 
into  the  cavities.     CyitioeTCTU  cellnloue  has  been  ob6er\'ed. 

The  Blood-Vessels. 

ATBOPKT   AHD  ETFEBTBOPHT. 

Atrophy  of  the  blood-vessels  may  involve  the  entire  trunk  or  some  of 
it«  elements.  It  may  occur  as  a  part  of  general  malnutrition  of  the  body, 
or  iu  couuection  with  atrophy  of  particular  organs,  or  as  an  accompani- 
ment of  various  diseases  of  the  vessels  themselves. 

Hypertrophy,  which  is  especially  seen  in  the  arteries,  may  occur  in  the 
establishment  of  a  collateral  circulation  upou  the  closure  of  arterial 
trunks;  or  it  may  occur  as  the  result  of  increased  blood  pressure,  as  in 
some  forms  of  hypertrophy  of  the  heart. 

'  See  reference.  M<mr,  p.  406.    Also  f:iieun4,  Arcli.  de  MM.  Eip.,  vol.  x..  p,  146. 
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The  Arteries. 
BTTPTITRE  AND  W017NDS. 


The  arteries  are  prediepoaed  to  rupture  by  fatty  degeneration,  arterio- 
sclerosis wiUi  atheroma,  aud  iu  various  forms  of  acute  inflammation. 


Pia.  SiS.— Thansvkrsk  Kipti'ri:  of  the  Aohtj.    ITrsumaUc.) 

Stenosis  of  the  aorta  may  I>e  followed  by  rupture  between  the  occlusion 
and  the  heart.  The  rupture  may  be  complete  or  a  dissecting  aneurism 
may  form  (see  page  457).  Rupture  of  the  aorta  may  lead  to  sudden 
death  (Fig.  245).  There  maylw  partial  or  complete  rupture  of  an  artery 
from  contusions,  wrenchiugs,  falls,  etc.     The  injury  to  an  artery  from  a 
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peoetratiug  wound  may  be  fatal  if  the  vessel  be  large.     The  wound  of  a 
small  artery  may  close  or  a  false  aneurism  may  develop  at  its  seat. 

lu  the  healing  of  a  wounded  artery  the  vessel  retracts  and  contracts, 
and  a  thrombus  is  formed  within  it.  The  contraction  alone  may  be  sufil- 
cieiit  to  close  the  vessel ;  its  coats  thicken,  and  the  inner  surfaces  finally 
are  fused  together ;  or  the  blood  coagulates  and  forms  a  tliionibus  in  the 
vessel  near  the  wound.  This  thrombus  later  becomes  organized  and  the 
vessel  is  converted  into  a  fibrous  cord. 

DXOXHSRATION. 

Fatty  Defeneration. — This  may  occur  in  the  walls  of  otherwise  unal- 
tered vessels,  or  in  those  which  have  undergone  a  variety  of  inflamma- 
tory or  degenerative  changes.  It  may  occur  either  in  the  intiina  or 
media,  or  both,  and  may  be  so  extensive  as  to  form  a  very  prominent 
gross  lesion,  or  so  little  developed  as  to  require  the  microscope  for  its 
recognition,  ^\^len  marked,  esi)ecially  if  occurring  in  the  intima  of 
large  vessels,  smaller  and  larger  spots  or  stripes  or  patches  may  be  seen, 
of  a  yellowish -white  color,  usually  sharply  circumscribed,  and  sometimes 
smooth,  sometimes  roughened  on  the  surface.  It  is  most  apt  to  occur  in 
the  aorta,  but  may  l)e  found  in  any  of  the  vessels.  In  moderate  degi-ees 
of  the  lesion  we  find  on  section  that  the  cells  of  the  intima  contain  fat 
droplets  in  greater  or  less  number.  When  further  advanced,  not  only 
are  the  cells  ci-owded  with  fat  droplets,  but  the  intercellular  tissue  also 
may  be  moi*  or  less  densely  infiltrated  with  them.  Sometimes  the  infil- 
tration is  so  dense  that  the  tissue  bi-eaks  down,  and  there  may  l)e  an  ei-o- 
sion  of  the  surface,  forming  a  so-called  fatty  ulcer.  When  the  media  is 
involved  the  muscle  cells  contain  fat  droplets.  It  may  lead  to  the  for- 
mation of  aneurism  or  to  rupture  of  the  vess4'ls. 

Amyloid  Degeneration,  which  nmy  affect  all  the  coats  of  the  arteries, 
but  especially  the  intima  and  media,  has  already  been  descrilted  in  gen- 
eral (page  .s:i).  It  will  bb  further  considered  under  the  lesions  of  the 
oi^ns  in  which  it  most  commonly  occurs. 

Hyaline  Degeneration  may  cause  thickening  of  the  intima  of  the  blood- 
vessels by  its  conversion  into  or  infiltration  with  a  homogeneous  material 
somewhat  simitar  to  amyloid  (see  page8(i).  Or  it  may  involve  the  entire 
wall  of  smaller  vessels,  converting  them  into  irregular  lumpy  cords. 
The  lumen  of  vessels  thus  changed  maybe  obUtemted  or  occluded  by 
thrombi. 

Calcification   iisually  occurs  in  vessels  otherwise  diseased,  and  may 

involve  either  the  intima  or  media.     It  consists  in  the  deposition  of  salts 

of  lime  either  in  ihe  cells  or  intercellular  substance.     The  lime  may  be 

in  the  form  of  lai^er  or  smaller  granules  or  in  dense  translucent  plates. 

29 
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¥10.  B46.— Chronic  AKTKRiTrs—, 


Iir7I.AM]tIATION. 

Acute  Arteritis. — Acute  inflammatiou  of  the  valla  of  tlie  arteries  is,  in 

the  majority  of  cases,  tlie  result  of  injury,  or  of  an  iullammation  in  the 
vicinity  of  the  vessel,  or  of  the  lodg- 
ment within  it  of  some  foreign  body  of 
an  irritating  or  infectious  nature.  The 
infiamiuatory  process  may  be  lai^ly 
coufined  to  the  inner  coat  of  the  ves- 
sels— endarteritis;  or  it  may  commence 
in  the  outer  coats — pernarterUis ;  or  it 
may  involve  the  entire  wall. 

The  blood-vessels  in  the  outer  coats 
may  be  coogested,  the  tissue  oedema- 
tons  and  infiltrated  with  pus  cells,  and 
the  entire  wall  may  become  necrotic. 
The  intima,  if  this  layer  be  involved, 
loses  its  natural  gloss  and  looks  dull 
and  is  swollen.  Under  these  conditions 
thrombi  usually  form,  and  iu  these  may 
oceur  the  various  changes  which  have 
been  already  described  on  page  7.$. 
Chronic  Arteritis    (Arterio-Soleroiis). — Since    the    publication    of   the 

studies  of  Gull  andSuttou  on  arterio-capillary  fibrosis,  attention  has  been 

every  year  more  and  more  directed 

to  chronic  pathological  changes  iu 

the  arteries  as  of  great  frequency 

and    importance.      These   changes 

are  productive  and  degenerative  iu 

character  and  have  an  important 

bearing  upon  the  circulation  and 

upon  the  integrity   of   the   vessel 

walls.     They  are  iu  part  primary, 

in  part  secondary,  and  may  involve 

single  vessels  or  vascular  territories 

or  may  affect  the  entire  vascular 

system. 

The  lesions  differ  somewhat  in 

the   small   and   lai'ge  vessels.     In 

very  small  arteries  there  is  a  more 

or  less  general  though  not  uniform 

tJiickeuing  of  the  intima  (Figs.  2tfi 

and  247).    This  is  due  in  part  to  a 

proliferation  of  the  endothelium,  in  part  to  increase  in  the  connective 

tissue  of  the  intermediary  layer.     In  this  way  a  considerable  amount  of 

moderately  cellular  fibrous  tissue  (Fig.  248)  may  form  within  the  mem- 
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braiia  elastica,  and  the  lumeii  may  be  largely  or  wholly  obliterated — 
oblUeratittff  endarU-ritis.  The  middle  coat  as  well  as  the  inner  may  K>, 
thickcBed  (Fig.  249). 

In  lai^r  arteries  the  itew  tissue  may  form  beneath  the  endothelium 
diffusely  or  iu  circumscribed  masses,  or  may  eneirele  the  vessel.  Tbe 
endothelium  over  the  involved  areas 
may  remain  intact  or  it  may  prolifer- 
ate or  become  fatty  or  necrotic.  The 
new-formed  fibrous  tissue  of  the  in- 
tima,  which  may  contain  also  new  elas- 
tic fibres, '  is  usually  dense,  having  few 
cells,  and  is  prone  to  undergo  fatty  de- 
generation, to  becx)nie  necrotic,  and  Vi 
to  disintegrate,  and   thus  lai^er   and 

smaller  cavities  filled  with  disintegrated  tissue,  fat,  and  cholestearin 
crystals,  may  develop  iu  the  new-formed  tissue  (Figs,  247  ami  250). 
These  are  called  aViei-omatous  cyaU.'  They  may  extend  toward  the  Inmen 
of  tbe  vessels  into  which  they  may  open,  giving  rise  to  emboli  and 


Fig.  240.— C  II  HON  I  (t 
Inner  end  middlp  iiiat  Ihlrtened— ndlal  arterr. 

forming  rough-edged  ulcers,  often  with  undermined  edges.     Upon  these 
thrombi  may  form.     In  the  new-formed  tissue  of  the  iutima  as  well  as 

'Soe  Jiw<.  Zicgler'8  Beitr.  Bd.  xxiv..  p.  4.'i8.  1898,  bibliography. 

'  The  word  alheroma  is  aomttiniea  applied  to  the  whole  process  of  arterio-sclcrows, 
but  it  would  \}i!  wfll  to  link?'  it  (o  the  degenerative  phases  which  result  in  softening  of 
tbe  tissues. 
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ill  the  necrotic  foci  and  in  the  detritus  of  tbe  cysts  calcification  may 
occur. 

Fatty  degeneration,  atrophy,  aud  calcification  may  occur  in  the  mus 
culariB  aud  adveutitia  of  the  involved  vessels. 

Similar  processes  may  occur  in  the  aorta,  the  new  tissue  growth  and 


FlO.  ^3U.  'CimONIC  ABTERITI:)— ARTEntO-SCI.EIlOltl.4— CKREUItAL  AltTKRV. 

Inner  coat  thteli)^n«l ;  ilon^neratlon  and  sofUnlng  (albemma)  of  a  ptirl  uf  thv  IblckL-n^  urei. 

the  degeuerition  l>eing  less  definitely  limited  to  tlie  inner  layer  of  the 
wall.  The  aortA  may  thus  he  beset  with  larger  and  smaller  irregular, 
white,  hard,  elevated  thickenings  (Fig.  251),  often  yellowish  from  fatty 
d^Kiuei-ation.     Beneath  these  there  may  lie  atheromatous  softening,  or 


Fin.  ffll.-CTinoSLC  INFLAMMATIOV   Ol'  TICK  AORT. 

Iiowinc  on  (be  Inner  surface  patchp!'  ot  new.formed  ti: 
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these  sclerotic  areas  may  be  calcified  and  project  as  hard,  often  brownish, 
plates  with  smooth  or  rough  edges.     The  surface  of  the  a«rta  may  be  rough 


CIG.  ^s. 
BQial]  tbromtiu  Is  [ormnl  upon  Ibe  aurtkce. 

from  erosion  oi'er  tlie  degenerated  areas,  and  upon  these  or  elsewhere 
parietal  thrombi  may  form  (Fig.  252).  Soch  sclerotic  areas  are  often 
well  marked  at  the  junction  of  smaller  vessels  with  the  aorta. 

We  have  seen  that  in  the  smaller  vessels  arte rio- sclerosis  may  lead  to 
extreme  narrowing  or  occlusion  of  the  lumen.  AVhen  this  does  not  occur, 
and  e-specially  in  the  medinm-sizcd  arteries,  since  the  new  tissue  is  less 
elastic  than  normal  and  liable  to  yield  to  the  pressure  of  the  blood,  the  ■ 
lumen  may  in  placi'S  be  dilatetl  (Fig.  253)  or  the  wall  may  rupture.  In 
this  way  aneurisms  may  form.     This  is  especially  apt  to  occur  when 


FlO.  2S3.— CIIRONtC   AKTERITIS— AHTERIO  SCLKROalS. 

SboniDK  puucblDg  ot  tbe  wall  at  tbe  artery  at  tbe  sMe  on  wblvb  \i  Ibe  lanceal  formallon  of  d«w  ObnHU 

atheromatous  degeneration  has  taken  pla«e  and  the  muscularis  is  either 
atrophied  or  degenerated.  In  the  aorta  also  dilatation  and  rupture  may 
occur. 

Arteriosclerosis  may  be  largely  limited  to  the  aorta  or  to  other  single 
vessels,  or  it  may  occur  in  special  vascular  tracts,  such  as  those  of  the 
brain  or  heart. 
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Periarteritia  Nodosa. 


A  few  cases  have  been  described  in  which  many  of  the  small  arteries  in  the  muscles 
and  in  the  viscera  were  beset  witli  small  white  knobs  projecting  from  the  side  or  aur- 
rouadiug  the  vessels.  These  circumscribed  thickenings  of  the  vessel  wall  are  apt  to 
involve  all  tbe  layers  of  the  vessel,  and  may  encroach  upon  the  lumen.  The  thickened 
portions  are  inflltiated  witb  stnull  spheroidal  cells.  Multiple  aneurisms  may  develop 
at  the  seat  of  the  local  thickening,' 

The  Conditions  Leading  to  Aeterio-Sclekobis, — The  lesions  of 
arteriosclerosis  oftcD  occur  with  gout,  sypliilis,  chronic  lead  and  alcohol 
poisoning,  overwork  and  overfeeding.  They  are  usual  iu  seuility,  and 
predisposition  to  them  may  be  iuheritftd.  They  may  be  associated  with 
cardiac  hypertrophy  from  valvular  lesions  or  with  chronic  diffuse  ne- 
phritis or  other  conditions  involving  increased  arterial  teusion.  They 
may  occur  locally  In  connection  with  tumors. 

^Vlli1e  the  mechanical  conditions  under  which  arterlo-sclerosis  devel- 
ops are  not  very  fully  understood,  the  studies  of  Thoma  have  pointed 
the  way  along  which  fruitful  research  may  be  confidently  expected. 

In  accordance  with  the  results  of  Thoma 's  experiments  one  may  re- 
gard the  primary  lesions  of  arte  no -sclerosis  as  a  compensatory  hyperpla- 
sia of  the  iutima.  For  example,  if  for  any  reason  the  wall  of  the  artery 
in  a  given  region,  as  is  tbe  case  in  the  circumscribed  or  nodular  forms  of 
arterio-sclerosis,  be  weakened  and  yields  to  the  blood  pressure,  it  is  at 
this  poiut  that  the  new  tissue  forms  in  the  ititima  and  restores  the  lumen 
to  its  natural  calibre  (see  Figs.  247  and  2'>3)  with  restitution  of  the  rate 
of  bloo<l  flow.  That  this  compensation  is  often  incomplete  or  tempo- 
rary, or  that  it  brings  with  it  other  and  often  serious  complications,  does 
not  militate  i^^ainst  this  view  of  the  significance  of  Ihese  blood-vessel  le- 
sions, and  is  only  one  of  many  examples  of  imperfect  adaptation  in  path- 
ological processes.' 

Classification  of  the  Forms  of  Aeterio-Sclerosis. — Various 
classifications  of  the  lesions  of  arterio-sclerosis  have  been  made.  Thoma' 
places  iu  one  class  the  primary  and  more  limited  nodular  forms  of  fibrous- 
tissue  growth,  especially  in  the  larger  vessels,  which  he  regards  as  com- 
pensatory in  the  way  just  indicated ;  in  another  the  diffuse  or  secondary 
form,  which  is  attributable  to  an  increased  i-esistance  to  the  flow  of  blood 
in  peripheral  vessels,  such  as  those  of  the  kidney,  a  weakening  of  the 
muscularis  through  degeneration,  the  consequent  dilatation,  and  then 
the  compensating  fibrous-tissue  growth  in  the  vessels  at  large. 

Conncilman'  has  grouped  the  lesions  into  three  forms:  1st,  tbe  nodu- 

'  Consult  fl.  Kahlden.  Ziegler's  Beitrgge  z.  path.  AnaL.  etc.,  Bd.  it.,  p.  681.  18M, 
also  Gnif,  ibid..  Bd.  Jtix.,  p.  IHl,  1896. 

'See  reference  to  Welch,  p.  137. 

'T/urnui.  see  Virch.  Arch.,  Bd.  xciii.,  p.  443;  ibid.,  Bd.  cxvl.p.  1;  also  Thoma'a 
"Teiit-Book  of  General  Pathology,"  vol.  i.,  Eng.  trans.;  also  reference  to  Thoma's 
works.  Arch.  f.  Entwickl.  Jlech.,  Bd.  nii.,  p.  352. 

'  For  a  rcsumi;  of  views  based  upon  Tlioma's  studies  see  Councilman,  Trans.  Assu, 
American  Physicians,  vol.  vi.,  p.  ITS,  1891. 


..gle 


THE  CIRCULATOBY  SYSTEM.  455 

tar.  corresponding  with  the  primary  form  of  Thoina ;  2d,  a  seniJe  form,  in 
which  there  are  often  great  distortion  of  the  vessels,  calcification,  and  fre- 
quent thinning  of  the  walls.  Atrophic  changes  in  the  viscera  are  apt  to 
be  associated  with  this  form  of  senile  arteritis;  3d,  a  diffuse  form  of 
marked  obliterating  ecdarteritis  with  fibrous  involvement  of  the  musca- 
lar  layer.  This  is  apt  to  be  associated  with  hypertrophy  and  often  with 
dilatation  of  the  heart,  and  with  chronic  diffuse  nephritis  ofteu  with  atro- 
phy. The  arterial  changes  may  be  marked  in  the  liver  as  well  as  iu  the 
kidneys. 

TnbercnloQa  Arteritia. — Tuberculosis  of  the  arteries  ia  usually  second- 
ary, the  process  extending  to  their  walls  from  an  already  established 


PlO.  2M.— TCBEBCPLOOB 

BhowlDKUieeDeraBchmentof  anareeor  wberculoiulnttarnmstloD  upon  Ibewal]  ol  the  anaiT  uid  Uie 
tonnBUon  of  a  mam  pertly  orcludlug  Uie  lumea  ot  tlie  vessel,  this  section  sbows  tiow  [be  BenerallzstlOD  ol 
tbe  luhrrruloua  iDflammBUoa  ibroiucb  tbe  body  may  ocvur  by  the  sweeplnit  sway  ol  (be  tuberale  bacUU  by 
tbe  blood  BDd  tbe  eaUbKshiuent  or  ne«  tool  InvBrloua  psrlsotUie  body. 

focus  (Pig.  254).  Tubercle  tissue  with  necrosis  njay  involve  tbe  external 
layers,  while  an  obliterating  inflammation  often  closes  the  lumen.  Thus 
it  is  that  in  tuberculous  cavities  of  the  lungs  large  arterial  trunks  may 
be  laid  bare  (see  Plate  X.)  without  a  distribution  of  the  bacilli  through 
the  body  and  without  hemorrhage.  Tubereuloais  of  the  aorta  is  of  occa- 
ttional  occurrence." 

Syphilitic  Arteritis. — In  the  more  characteristic  forms  of  this  lesion 


er,  American  jour,  of  the  Mvd.  Sciences,  v. 
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there  may  be  giimmata  fonneil  in  the  walls  or  a  diffnse  formation  of  Dev 
cells  and  iiew  fibrous  tissue,  especially  in  the  adveutitia  of  the  vessels. 
This  may  extend  to  the  middle  and  internal  layer  and  lead  to  narrowing 
or  closure  of  the  lumen.  Such  lesions  may  be  circumscribed  or  extensive, 
and  may  result  iu  aneurism  or  rupture.' 

ANET7XISH. 

An  aneurism  is  a  dilatation  of  an  artery,  either  cylindrical,  fusiform, 
or  sacculated,  the  walls  consisting  of  all  or  part  of  the  coats  of  the  artery 
variously  altered. 

The  conditions  which  commonly  lead  to  aneurisms  are  arterio-sclero- 
eis,  either  with  or  without  associated  degeneration,  or  the  local  weakening 
of  the  walls  of  the  vessels 
which  often  leads  to  com- 
pensatory arterio  -  sclerosis, 
or  the  blocking  of  a  vessel 
by  embolus.  Aneurism  may 
develop  at  the  point  of  par 
ti  il  rupture  of  the  walls  of 
an  artery.  Aneurisms  may 
follow  the  local  necrotic  and 
ulcerative  process  in  the 
walls  of  the  vessels  or  on  the 
heart  valves  incited  by  in- 
fectious agents,  which  as 
emboli  or  otherwise  have 
reached  these  parts. 

In  cylindrical  or  fusiform 
aneurism  there  is  apt  to  be 
at  first  a  distention   of  all 
the  walls  of  the  vessel ;  but 
this  is   often   irregular,   bo 
that  the  sa*  may  bulge  more 
in  one  place  than  in  another 
(Fig.  255).    The  walls  may 
become   thin    or     through 
new-formed  tissue  they  may 
Fir.,  S55.-FI  sLronn  aneirism  oFThiE  Aitcuor  the  Aorta,     become  thickened ;  they  may 
undergo  degeneration  or  cal- 
cification.    Such  aneurisms  are  most  frequent  in  the  aorta,  but  may  oc- 
cur in  other  vessels. 

In  the  sacculated  anenriflm  there  is  either  a  dilatation  of  the  entire 
cii-cumference  of  an  artery  over  a  short  portion  of  its  length ;  or  there 
may  be  a  dilatation  of  only  a  small  portion  of  one  side  of  the  wall,  so 
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that  the  aiiearism  looks  like  a  swelling  attached  to  one  side  of  the  artery. 
The  aneurism  may  commence  as  a  dilatation  of  all  the  coats  of  the  vessel ;  , 
but  the  middle  coat  soon  atrophies,  so  that  the  wall  is  composed  of  the 
inuer  and  outer  coats;  or  the  inner  coat  is  destroyed  by  endarteritis,  so 
that  the  outer  coat  aloue  forms  the  wall  of  the  anenrism;  or  the  dilata- 
tion may  commence  at  the  seat  of  rupture  of  one  or  more  coats  of  the 
vessels.  As  the  aneurism  increases  in  size  it  may  press  upon  and  lead  to 
partial  destruction  of  neighboring  tissues  and  viscera,  so  that  portions  of 
these  tissues  and  viscera  may  take  the  place  of  the  wall  of  the  aneurism. 
The  cavity  of  the  aneurism  is  filled  with  fluid  or  clotted  blood,  or  with 


layers  of  fibrin  {Fig.  256)  which  adhere  cltisely  to  its  wall.  The  com- 
munication between  the  aneurism  and  the  artery  may  be  small  or  large. 
If  arterial  branches  arc  given  oflF  fi'om  the  aneurism  they  may  remain 
open  or  become  plugged  with  fibrin;  or  their  wall-s  are  thickened  and 
their  cavities  narrowed  by  einhirteritis.  Death  may  occur  by  the  press- 
ure and  interference  of  the  aneurism  with  the  adjoining  viscera,  or  by 
rupture. 

Diuecting  Anenriams  are  those  in  which,  owing  to  a  solution  of  con- 
tinuity of  the  inner  layers  of  thcarterj^.  the  blood  gets  between  the  media 
and  advcntitia,  and  forces  its  way  for  a  greater  or  less  distance  between 
them.     Or  it  may  separate  the  media  into  two  layers. 

Spniioas  or  False  Anenrimu  are  most  frequently  connected  with  ves- 
sels of  the  extremities,  >\Tien  an  artery  is  wounded  the  blood  escapes 
into  the  surrounding  soft  paits,  and  a  cavity  is  formed  filled  with  blood 
and  broken-dowu  tissus. 
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The  wound  in  the  artery  may  heal  aud  the  effnsed  blood  be  absorbed; 
.   or  it  may  become  the  seat  of  secondary  inflammatory  processes. 

Finally  a  wall  of  fibrous  tissue  may  be  formed,  while  the  wound  of 
the  artery  remains  open,  so  that  there  is  an  aneurismal  sac  through 
which  the  blood  is  constantly  pouring.     This  is  called  a  false  aneurism. 

Anenriamal  Tarix :  VsricoM  AiieariBiii.^If  an  artery  be  wounded,  and 
at  the  same  time  the  vein  which  accompanies  it,  we  have  as  the  result  the 
conditions  called  aneurismal  varix  and  varicose  aneurism.  In  aneurismal 
varix  the  artery  and  vein  become  adherent  at  the  seat  of  iiyury,  so  that 
the  arterial  blood  passes  directly  into  the  vein.  There  is  a  smooth, 
rounded  openiug  bPtween  the  two  vessels,  the  vein  is  dilated  into  a  sac, 
and  the  veins  emptying  into  it  are  dilated  and  tortuous.  In  varicose 
aneurism  the  artery  and  vein  do  not  communicate  directly,  but  a  false 
aneurismal  sac  is  formed  between  the  vessels,  into  which  the  blood  is 
poured  before  passing  into  the  vein.  Varicose  aneurism  may  also  be 
formed  by  the  spontaneous  rupture  of  an  aneurism  into  a  vein.  The 
aneurism  presses  i^ainst  the  vein,  becomes  adherent,  and  finally  rup- 
tures into  it.  This  condition  has  been  observed  between  the  aorta  and 
pulmonary  artery ;  the  aorta  and  inferior  and  superior  vena  cava;  the 
popliteal  artery  and  vein;  the  femoral  artery  and  vein;  the  splenic 
artery  aud  vena  azygos ;  the  internal  carotid  and  sinus  cavernosus. 

Cirsoid  Anetuiam  is  one  formed  by  the  dilatation  and  lengthening  of 
large  or  small  arteries  or  arterial  tracts.  The  walls  of  the  arteries  are 
thinned,  the  vessels  are  tortuous  and  in  places  sacculated.  These 
changes  are  most  frequent  in  small  arteries,  especially  the  temporal  and 
occipital.  They  involve  the  trunk  of  the  vessel  and  its  branches,  or 
may  extend  to  the  capillaries  aud  small  veins.  They  form  larger  or 
smaller  tumors  beneath  the  skin. 


ANETJBZBHB   OF  THE   DIFFERENT  AUTEBIEB. 

The  aorta  may  be  dilated  over  its  entire  length,  or  there  may  be  diffuse 
or  circumscribed  dilatations  at  any  portion  of  its  course ;  or  there  may 
be  several  aneurisms,  situated  at  diflfereut  points.  The  ascending  por- 
tion of  the  arch  of  the  aorta  may  be  uniformly  dilated  iu  a  fusiform 
shape  (Fig.  255),  or  there  may  be  circumscribed  dilatations  on  its  an- 
terior wall,  or,  more  rarely,  on  its  posterior  wall.  The  sacculated  aneu- 
risms vary  in  size  and  may  rupture  within  the  pericardium ;  or  they  may 
form  a  cavity  in  the  upper  part  of  the  ventricular  septum  aud  commu- 
nicate by  openings  into  the  pulmonary  artery  and  left  ventricle ;  or  they 
may  dilate  downwaid  between  the  visceral  aud  parietal  pericardium,  in 
front  of  the  heart,  pushing  that  oi^an  backward.  They  may  perforate 
into  the  right  or  left  auricle  or  right  ventricle,  the  superior  vena  ca\'a, 
or  the  pulmonary  artery;  or  they  may  reach  a  lai^e  size,  press  on  and 
erode  the  right  side  of  the  sternum  and  adjoining  ribs,  project  under  the 
skin,  and  even  rupture  externally.' 

'  For  cxlenalon  o(  aortic  aaeurism  into  the  heart  and  <lisscctliig  aoeurisma  of  tbe 
heart  sec  Uekloen,  Trans.  Assn.  Am.  Piiys.,  vol.  ivi.,  p.  137. 
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The  transverse  portion  of  the  arch  may  be  dilated  in  a  fusiform  shape, 
or  there  may  be  sacculated  aneuristns  at  any  point  in  its  wall.  The  sac- 
culated aneurisms  usually  reach  a  considerable  size.  They  press  on  the 
sternum  and  ribs  in  front,  or  on  the  cesophagns,  trachea,  and  broucLi  be- 
behind.  The  large  arteries  given  off  from  the  arch  may  be  occluded. 
They  cause  death  by  pressure  on  the  air  passages,  the  oesophagus,  and 
the  vena  cava ;  or  may  rupture  externally  or  into  the  oesophagus,  trachea, 
bronchi,  pulmonary  arterj',  or  pleural  cavities. 

Ou  the  abdominal  aorta  aneurisms  are  usually  sacculated.  If  they 
are  situated  high  up  they  may  project  into  the  pleural  cavities;  if 
lower  down,  into  the  abdomen.  They  may  compress  and  displace  the 
viscera,  vessels,  and  nerves,  and  erode  the  vertebrie.  They  may  rupture 
behind  the  peritoneum,  into  the  peritoneal  cavity,  the  pleural  cavities, 
the  inferior  vena  cava,  the  bronchi,  the  lungs,  the  duodenum,  the  colon, 
the  pelves  of  the  kidney,  or  the  posterior  mediastinum.  Rupture  of  the 
aorta  with  the  development  of  a  long  dissecting  aneurism  parallel  to  the 
vessel  may  give  rise  to  a  coudition  simulating  a  double  aorta.' 

The  coronai-g  arteries  may  be  dilated  throughout,  or  may  be  the  seat 
of  small  sacculated  aneurisms.*  These  may  rapture  into  the  pericar- 
dium, or  may  lead  to  rupture  of  the  heart  wall. 

The  pulmonary  arteries  are  rarely  the  seat  of  aneurisms.  Diffuse  and 
circumscribed  dilatations,  however,  sometimes  occur  on  the  main  trunk 
and  on  the  two  principal  branches  of  the  artery.  They  do  not  usually 
reaeb  a  large  size,  but  may  cause  death  by  rupture.  General  dilatation 
of  all  the  branches  of  the  pulmonary  artery  is  more  common.  It  is 
found  in  connection  with  stenosis  of  the  mitral  ^'alves  and  with  compres- 
sion or  induration  of  the  lung  tissue.  Small  multiple  aneurisms — miliary 
aneurisms — may  occur  in  the  cerebral  arteries;  less  frequently  iu  the 
pulmonary  and  mesenteric.  These  are  probably  due  to  some  congenital 
weakness  of  the  walls  at  the  point  of  formation  of  the  aneurism. 

Of  the  otlier  arteries  of  the  body  there  is  hardly  any  one  which  may 
not  become  the  seat  of  an  aneurism.' 

STENOSIS  AlTD  OBLFTEBATIOK  OF  THE  AOSTA. 

This  lesion  near  the  entrance  of  the  ductus  arteriosus  has  been  observed 
in  a  considerable  number  of  cases.  The  degree  of  stenosis  varies.  The 
aorta  may  be  entirely  closed  and  converted  into  a  solid  cord  for  a  half  an 
inch;  or  there  may  be  a  constriction  through  which  there  is  a  larger  or 
smaller  opening.  The  walls  of  the  aorta  at  this  point  may  be  thickened 
and  sclerosed.  The  ductus  arteriosus  may  be  closed  or  open.  Above 
the  constriction  the  aorta  is  usually  dilated ;  below  it,  it  is  normal,  dilated, 
or  ste  nosed. 

I  See  case  reported  hy  O.  P.  BiggB.  Trans.  Ntw  York  Palli.  Soc.,  18S7-98,  p.  10». 

'Consult  CVijip,  Am.  Jour.  Med.  Sciences,  vol.  cxviii.,  p.  812,  bibliography;  also 
Gi-tJ!lh,  Brit.  Mfil.  Jour.,  February  2il,  IBOl,  p.  266,  bibliography. 

■Tor  details  coiicerning  form,  diBtribution,  and  frequency  of  aneurisms,  see  the 
larger  works  on  the  practice  of  medicine  or  surgery. 
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Stenosis  of  the  aorta  is  followed  by  hypertrophy  of  the  left  ventricle, 
and,  later,  of  the  right  ventricle,  with  venous  congestion  throughout  the 
body ;  or  there  may  be  a  collateral  circulation  developed  between  the 
arteries  given  off  above  and  below  the  constriction ;  or  there  may  be  rup- 
tnre  of  the  aorta,  the  right  ventricle  or  auricle. 

This  condition  is  found  at  all  ages,  but  is  induced  during  ftetal  life 
or  in  the  first  year  of  extra-uterine  life.  It  is  probable  that  it  may  be 
caused  after  birth  by  an  abnormal  closure  of  the  ductus  arteriosus.  This 
vessel  normally  becomes  closed  without  the  formation  of  a  thrombus. 
If  a  thrombus  be  formed  it  may  extend  into  the  aorta  and  obstruct  it ;  or 
the  ductus  arteriosus  is  filled  with  a  thrombus,  but  iucreases  for  a  time 
in  size ;  afterward,  as  the  thrombus  is  absorbed,  the  vessel  contracts  and 
draws  the  walls  of  the  aorta  together. 

TUICOBS  OP  THE  ABTDBIES, 

Secondary  tumors,  chieily  caroinomata  aud  sarcomata,  may  occur  in 
the  walls  of  the  arteries  by  continuous  growth  from  without,  iuvolviiig 
first  the  external  layers.  To  these  layers  they  are  usually  confined,  for 
the  density  of  the  inner  layers  affords  such  marked  resistance  to  the  in- 
filtration of  the  tumor  cells  that  arteries  are  apt  to  pass  intact  through  the 
tumor,  which  grows  around  them.  More  frequently  the  arteries  become 
secondarily  involved  in  the  growth  of  malignant  tumors  by  the  occur- 
rence within  them  of  emboli  formed  by  lai^r  and  smaller  masses  of 
tumor  cells. 

These  emboli  are  usually  of  small  size,  and  are  apt  to  get  into  the  cir- 
culation by  growing  through  the  walls  of  the  veins  into  their  lumina. 
Large  emboli  from  tumors  are  most  apt  to  occur  in  the'  branches  of  the 
pulmonary  artery.  The  emboli,  formed  as  they  are  for  the  most  part  by 
cells  capable  of  growth  aud  proliferation,  are  apt  soon  to  form  conuec-  - 
tiou  with  the  walls  of  the  vessels,  and,  by  the  growth  into  them  of  blood- 
vessels from  the  maa  vasorum  to  find  the  conditions  necessary  for  their 
development,  and  they  may  thus  soon  involve  the  entire  wall  of  the  ves- 
sel and  grow  out  into  adjacent  parts. 

The  Veins. 
DILATATION.    (PMabectMia.) 

Dilatation  of  the  veins,  or  phlebectasia,  presents  itself  under  a  vari- 
ety of  forms. 

1.  Simple  Dilatation. — The  vein  is  uniformly  dilated  in  a  cylindri- 
cal or  fusiform  shape;  its  length  is  not  increased ;  its  waits  may  be  thicker 
than  normal  or  thinned;  the  valves  may  be  thickened,  or  are  insuflicieut, 
or  atrophic,  or  are  torn. 

2.  Cirsoid  Dilatation. — The  vein  is  cyliudrieally  dilated,  but  is 
also  increased  in  length,  so  that  it  assumes  a  \ery  tortuous  course.  The 
walls  may  be  thickened  or  thiuned. 
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3.  Varicosk  Dilatation. — Portious  of  the  wall  of  the  vein  andergo 
Ba«cular  dilatatiou.  The  wall  of  the  sac  is  formed  of  the  coats  of  the 
veiu,  but  these  may  be  thickened  or  thinned ;  the  middle  coat  may  dis- 
appear entirely.  There  may  be  only  one  such  dilatatiou,  or  there  may 
be  a  number  on  the  same  vein,  or  a  number  of  veins  may  be  affected  at 
the  same  time.  The  vein  may  be  otherwise  normal,  or,  more  frequently, 
is  more  or  less  uniformly  dilated. 

4,  Anastomosixg  Dilatation.— a  number  of  contiguous  and 
anastomosing  veins  are  dilated,  both  iu  the  cii-soid  and  varicose  forms. 
The  vein  then  looks  like  a  series  of  cavities  separated  by  thin  partitions. 
The  dilatations  of  the  same  vein  become  adherent  to  each  other  and  to 
those  of  the  adjoining  veins;  portious  of  the  walls  of  tlie  dilated  parts 
may  atrophy  so  that  there  may  be  a  number  of  cavities  containing  venous 
blood  and  separated  from  each  other  by  thin  partitions. 

Distribution,  Causes,  and  Effects  of  Phlebectabi a.— Sponta- 
neous restitution  of  dilatations  of  the  veins  is  not  common,  and  usually 
occurs  only  in  the  lesser  degrees  of  the  lesion.  The  tendency  of  the  dila- 
tatiou is  to  increase.  Thrombi  frequently  form  in  the  dilated  veins,  and 
either  partially  or  completely  fill  them.  These  thrombi  may  become 
oiganized,  or  they  may  dry  and  l>ecome  calcified,  foTming  phleboliths,  and 
by  the  formation  of  new  connective  tissue  in  the  walls  they  may  become 
enclosed  iu  a  fibrous  capsule,  with  the  obliteration  of  the  vessel.  The 
wall  of  the  dilated  sac  may  become  so  thin  that  it  finally  ruptures. 
Infiammation  of  the  dilated  veiu  may  occur,  followed  by  fibrous  thick- 
ening. 

WTien  occurring  in  mucous  membrane,  dilated  veins  are  usually  asso- 
ciated with  persistent  catarrh.  There  is  hai-dly  one  of  all  the  veius  of 
the  body  which  may  not  be  dilated.  The  hiemorrhoidal  ^'eins  forming 
"  htemorrhoids  " ;  the  veins  of  the  leg  and  thigh ;  those  of  the  pelvis  and 
pelvic  viscera;  those  of  the  spermatic  cord,  scrotum,  and  labia;  those  of 
the  abdominal  wall;  those  of  the  ueck  and  arms — are  most  fi^equeutly 
involved. 

The  immediate  cau.se  of  dilatation  is  usually  some  ol)struction  to  the 
passage  of  the  blood  through  the  veins  towai'd  the  heart;  but  alterations 
iu  the  walls  of  the  vessels  from  degeneration,  inflammation,  or  injury 
are  often  important  predisposing  factoi-s. 

WOtTNDS— auPTUKE. 

Wounds  of  the  veins  usually  heat  by  a  simple  contraction  and  an 
adhesive  inflammation  of  their  walls;  sometimes  by  the  fonnation  of  a 
thrombus.  Rupture  of  the  veins  may  be  produced  by  severe  contusions 
and  crushiugs  of  the  body  and  by  violent  falls.  Perforation  of  a  vein 
may  be  produced  by  suppuration  of  the  soft  parts  and  the  invasion  of 
the  walls  of  the  vessel ;  by  the  pressure  of  an  aneuiism  or  of  a  new 
growth;  by  the  thiuning  of  the  wall  of  the  vein  in  phlebeetasia. 
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Thrombosis  of  the  inferior  vena  cava  has  been  many  times  recorded. 
It  is  usuaDy  dne  to  pressure  on  the  vessel  or  may  occur  as  an  exteusion 
of  thrombi  fioin  the  coiitributoiy  veins.' 

Thrombosis  of  the  superior  verm  cava  usually  follows  pressure  from 
without  by  tumors,  aneurisms,  or  enlarged  lymph  nodes. 

Thrombosis  of  other  iarge  venous  trunks  may  occur  under  various  local 
and  general  conditions  (see  below,  thrombosis  and  phlebitis,  and  page 
72).' 

DEOENBBATION. 

Fatty  degeneratioo  and  caloiflcation  may  occur  iu  the  walls  of  the  veins 
under  conditions  similar  to  those  in  which  these  chauges  take  place  iu 
the  arteries. 

nrFLAHUATION.    <Plil«liitia.) 

Inflammation  of  the  veins,  phlebitis,  may  involve  chiefly  the  external 
\2.yers— periphlebitis ;  or  .the  internal — ejidopMebitis  ;  or,  as  is  very  fre- 
quently the  case,  the  entire  wall  may  be  afi'ected.  Phlebitis  may  be  due 
to  an  infectious  thrombus,  to  injuries,  or  to  an  infectious  inflammation 
of  the  surrounding  tissues.  Thrombosis  of  the  vein,  either  primarj-  or 
secondary,  is  a  very  constant  accompaniment  of  phlebitis.  Thi-ombosis 
and  phlebitis  are  not  infrequent  in  association  with  or  following  infec- 
tious diseases,  in  cachectic  conditions,  and  with  rheumatism  and  gout. 

Acute  Infective  Phlebitis  may  follow  a  suppurative  periphlebitis.  The 
outer  layers  of  the  vein  wall  are  congested,  swollen,  infiltrated  with  serum 
and  pus.  The  inner  coats  may  become  infiltrated  with  pus;  they  may 
become  necrotic  and  disintegrate.  A  thrombus  is  constantly  formed  under 
these  conditions,  which  may  for  a  time  stop  the  circulation  and  keep 
the  products  of  inflammation  and  degeneration  and  infectious  material 
from  mixing  with  the  blood ;  but  the  thrombus  itself  is  prone  to  disinte- 
gration, and  thus  the  exudates  and  fragments  of  disintegrated  thrombi  or 
tissue  or  bacteria  may  entei'  the  circulation. 

On  the  other  hand,  owing  to  the  presence  of  irritating  or  infectious 
material  within  the  vein  aud  the  formation  of  a  thrombus,  the  inflamma- 
tory process  maybe  at  the  commencement  an  endophlebitis,  but  usuaTly, 
if  the  inflammation  be  at  all  severe,  the  entire  wall  of  the  vessel  is  event- 
ually involved. 

Acute  phlebitis  may  terminate  in  the  absorption  of  the  thrombus  and 
the  return  of  the  vein  to  its  normal  condition,  or  in  the  obliteration  of 
the  vein.  The  pyogenic  cocci,  the  typhoid  bacillus,  the  pneumococcus, 
and  several  other  micro-organisms  have  been  found  iu  phlebitis.     In  the 
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phlebitis  with  thrombosis,  which  frequently  complicates  infectious  dis 
ea^s  such  as  typhoid  fever,  pneumonia,  etc.,  the  bacteria  present  are 
frequently  not  those  which  are  the  excitants  of  the  primary  disease. 

The  most  important  results  of  phlebitis  are  usually  those  which 
depend  upon  the  introduction  into  the  blood  of  infectious  or  other  emboli 
(see  page  76).  The  relationship  between  non-iufectious  thrombi  and 
phlebitis  is  in  many  cases  not  clear. ' 


Phlkbjtis. 
cblld  desd  o(  acute  icenenl  mllltir  tubercakiafi. 


Chronio  Periphlebitis  results  in  thickening,  principally  of  the  outer 
coats  of  the  veins,  but  the  inner  coats  may  also  be  involved.  The  sur- 
rounding tissue  may  be  also  thickened  and  coalesce  with  the  walls  of  the 
vein.     There  may  or  may  not  be  thrombosis.    , 

Chronic  Endophlebitis  is  a  not  ver>'  common  lesion,  of  the  same  general 
character  as  chronic  endarteritis,  with  which  it  is  often  associated. 
More  or  less  circumscribed  patches  of  new  connective  tissue  are  formed 
in  the  iuuer  coats,  which  may  undergo  fatty  or  calcareous  degcnci-ation. 

Toberoolons  Inflammation  of  the  walls  of  the  veins  may  occur  as  an 
extension  of  the  process  fiom  without  or  from  a  lodgment  of  the  tubercle 
bacilli  in  the  blood  current  on  the  intima  (Fig.  257).  This  is  not  infre- 
quent in  the  pulmonary  veins,  and  Weigert  has  called  attention  to  the 
fact  that  in  acute  miliary  tuberculosis  the  growth  of  tubercle  tissue  into 
the  lumina  of  these  veins  from  tuberculous  lymph-nodes  is  of  frequent 
occurrence  and  readily  explains  the  topography  and  mode  of  occurrence 
of  the  general  disease.  The  tubercle  bacilli  which  are  present  in  the 
tuberculous  tissue  growing  into  the  lumen  of  the  veins  find  thus  an  easy 
distribution.' 

Syphilitic  Inflammation  may  involve  the  walls  of  the  veins  either  as 
gummy  tumors  or  as  more  difluse  thickenings. 

'  Consult  in  this  connection  Welch  on  Thrombosis,  Albutfa  "System  of  Medicine," 
vol.  vi,,  p.  170. 

'See  references  under  Miliary  Tuberculosis,  p.  218. 
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Primary  tumors  of  the  veins  are  rare.  Small  leiomyoniKta  have  Ijeeu 
described  iu  the  sapheiions  and  ulnar  veins.  A  myo-flarooma  as  lai^e  as 
a  mao'sfist  has  been  described,  situated  in  the  dilated  vena  cava  inferior. 
The  veins  are  not  infrequently  secondarily  involved  by  sarcomata  and 
carcinomata,  and  sometimes  by  ohoudromsta.  The  thin  walls  of  the  veins 
offer  comparatively  little  resistance  to  the  encroachment  of  malignant 
tnmors,  which  thus  gain  access  to  the  circulation  and  may  form  metas- 
tases in  various  parts  of  the  t>ody, 

PABASITES. 

Echinooocona  is  sometimes  found  in  the  veins,  having  either  devel- 
oped there  or  perforated  from  without. 

Two  species  of  diitoma  (liver  fiake)  occur  in  man,  D.  hepaticum 
occurs  nirely  and,  while  usually  found  iu  the  bile  ducts,  may  occur  iu 
the  vena  cava.  i>.  hcBmatobium  is  verj-  common  in  man  in  Egjpt  and  in 
other  parts  of  Africa,  and  usually  occurs  in  the  portal  vein  or  its  branches, 
and  fi'equently  in  other  veina 


The  Capillaries. 

The  walls  of  the  capillaries  are  so  thin  and  so  intimately  connected 
with  the  Burroundiug  tissues  that  their  lesions  are  studied  most  appro- 
priately among  the  diseases  of  the  several  organs.  Dilatation  of  the 
new-formed  capillaries  in  tumors,  granulation  tissue,  etc.,  and  fatty  and 
hyaline  degeneration  of  their  walls,  may  l)e  mentioned  here  as  readily 
observed  lesions  occurring  under  a  variety  of  conditions.  The  changes 
which  we  assume  to  occur  in  the  walls  of  the  smaller  veins  and  capillaries 
iu  exudative  intlammation,  by  reason  of  which  fluids  and  blood  cells  pass 
through  them,  are  not  yet  sufficiently  understood  to  be  described  with 
definite  uesa 

The  Lymph-VeBsels. 

General  Characters  of  the  Lymph- Vessels. 

The  smaller  lymph -vessels  can  liadly  be  treated  as  iadepeudeiit  .tiniclures.  since 
their  walls  are  so  closely  joined  wilh  the  tissues  through  wlilcii  they  pass.  It  Is  per- 
haps wiser  to  fuUow  tlie  suggestion  of  Adkr  and  MdUcr'  and  call  llic  spaces  of  the  coa- 
nective  and  otiier  tissues  into  which  transudation  from  the  sinaller  blood-vessels  takes 
place,  not  lymph  i«dicles  or  "  lymph  capillaries"  as  is  commonly  done,  but  to  consider 
tlicm  tissue  spaces  from  vrbich  the  transudates  of  varying  composition  are  gathered 
into  tiie  lymph- vessels.  But  the  larger  lyuiph- vessels  we  find  the  seat  of  various  more 
or  leas  independent  lesions. 

^  Adlerand  Mdtirr.  .lour.  Exp.  Med.,  vol.  i  ,  p.  483,  1896. 
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LTKPHANOIECTA8I8. 


Dilatation  of  the  lymph-vessels  occurs  uoder  a  variety  of  coaditions. 
It  may  be  congenital,  or  it  may  be  due  to  some  hindrance  to  the  flow  of 
lymph  onward — as  by  pressure  from  any  canse,  or  from  the  occlusion  of 
the  vessels  by  inflammation.  If  the  dilated  vessels  form  a  circumscribed 
mass,  this  is  often  called  a  lymphan^oma  (Fig.  181).  Id  certain  forms 
of  elephantiasis  and  in  macroglogsia  the  dilatation  of  the  lymph-vessels  is 
an  important  factor.  Its  occurrence  is  not  infrequent  in  the  labia,  pre- 
pnee,  and  scrotum.  Dilatation  of  the  chyle  vessels  may  occur  in  the 
mncous  membrane  of  the  intestine  and  in  the  mesentery.  Filarial  lym- 
phatic varix  LS  of  occasional  occurrence. ' 

Obfltrnotion  of  the  Thoracic  Doct  may  be  due  to  tumors, '  or  enlai^d 
lymph-nodes,  or  inflammatory  processes  in  the  mediastinum;  to  aneur- 
ism, to  thrombosis  of  the  left  innominate  vein,  to  insufficiency  of  the 
tricuspid  valve;  or  to  inflammatory  processes  in  the  wall  of  the  duct.  It 
may  occur  under  various  other  conditions.  It  may  be  compensated  by 
collateral  lymphatic  anastomoses,  or  it  may  lead  to  various  lymphangi- 
ectasice  and  to  transudation  of  lymph.     Thus  chylous  ascites  may  occur. 

Congenital  doubliug  or  division  and  other  abnormalities  of  the  tho- 
racic duct  are  recorded.' 

INFLAMHATION.    (LymphangitUi.) 

Acute  Infective  Lymphai^tiB.— Inflammation  of  the  larger  lymph-ves- 
Bels  is  usually  secondary  and  often  connected  with  an  infected  wound  or 
injury.  Owing  to  the  entrance  into  the  lymph  truuk  of  bacteria  or  other 
infectious  agents,  poison  of  venomous  reptiles,  insects,  etc.,  the  vessels, 
sometimes  for  a  considerable  distance  away  from  the  wound,  become  red, 
tender,  and  painful.  Under  these  conditions  the  appearances  which  the 
vessels  present  vary.  In  some  cases  the  redness  disappears  after  death 
and  we  find  no  appreciable .  alteration.  In  other  cases,  the  walls  of 
the  lymph-vessels  are  more  or  less  densely  infiltrated  with  pus  cells, 
there  is  proliferation  of  the  endothelium,  and  the  lumen  may  contain 
variable  quantities  of  pus  and  fibrin  and  desquamated  degenerated  en- 
dothelium. The  tissue  about  the  vessels  may  also  be  infiltrated  with 
sernni  and  pus.  The.se  lesions  may  uudei^o  resolution  and  the  vessel  be 
restored  to  its  normal  condition;  or  the  vessel  wall  and  surrounding 
tissue  may  die  or  become  involved  in  abscess;  or  new  connective  tissue 
may  form  in  and  about  the  vessel,  sometimes  with  obliteration  of  its 
Inmen.  The  associated  lymph-nodes  may  participate  in  the  inflammatory 
process. 

'  See  Opie.  "  Filarial  Lymphalic  Varix,"  Trans.  Assn.  Am.  Phye,,  vol.  xvi..  p  881. 

'  For  bibliography  of  carcinonia  involving  tlie  thoracic  duct  see  A.  H.  Smith,  Med. 
Reconl,  December  M,  1890,  p.  813, 

'Butler.  Joiw,  Med   Res,,  vol,  x,,  1903.  p.  158  bibliograpliy. 
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Tabenmloos  Lymphangitia. — Taberculous  inflammatioD  occurs  both  Id 
large  and  small  Ijnnpb-vessels.  Millar^  tubercles  aud  diffuse  tubercle 
tissue  may  form  in  the  vails  and  project  into  the  lumen  of  the  lai^r 
truuks;  or  in  the  smaller  vessels  the  new  growth  may  entirely  fill  the 
lumen,  and  grow  within  it,  with  more  or  less  involvement  of  the  walls. 
This  may  occnr  independently,  but  it  is  most  frequently  seen  in  connec- 
tion with  tuberculous  indammation  of  adjacent  tissues.  Thus  from  tuber- 
culous lymph-nodes  in  the  vicinity  of  the  thoracic  duct  there  may  be  a 
direct  extension  of  the  tubei-culous  inflammation,  an  involvement  of  the 
walls  of  the  duct,  and  a  growth  of  tubercle  tissue  into  its  lumen.  Such 
growths  in  the  thoracic  duct  have  been  shown  by  Weigert  to  occur  in  acute 
general  miliary  tuberculosis,  and  satisfactorily  explain  the  dissemination 
of  the  tubercle  bacilli.  In  the  vicinity  of  tuberculous  ulcers  in  the  in- 
testines, furthermore,  we  often  see  the  subserous  lymph-vessels,  which 
pass  from  the  vicinity  of  the  ulcers,  distended  with  the  products  of  tu- 
berculous inflammation  and  looking  like  dense  white  knobbed  cords 
(Fig.  329). 

Syphilitio  Lymphangitis  not  infrequently  occurs  in  the  vicinity  of 
syphilitic  ulcers  in  the  primary  stage.  In  later  stages  there  may  be 
thickening  of  the  walls  of  the  vessels  and  the  development  of  gummy 
tumors  in  and  about  them. 

TUUOBS. 

The  relation  of  the  endothelium  of  the  lymph-vessels  and  spaces  to 
endotbeliomata  has  been  already  mentioned  in  the  section  on  Tumors. 

The  dissemination  of  malignant  tumors  through  the  lymph  channels 
is  of  frequent  occurrence,  and  is  particularly  marked  in  the  case  of  car- 
cinoma. In  the  vicinity  of  carcinomata  the  lymph-vessels  are  not  infre- 
quently crowded  with  the  tumor  cells,  forniiug  white,  irregular  cords; 
or  small  masses  of  the  tumor  cells  may  be  found  in  the  lymph- vessels, 
either  near  to  or  remote  from  the  tumor.  White,  irregular  networks  are 
often  formed  in  this  way  beneath  the  pleura  in  carcinoma  of  the  lung 
(Fig.  300),  or  beneath  the  capsule  of  the  liver.  Transverse  sections  of 
lymph-vessels  thus  distended  show  sometimes  swelling  and  detachment 
of  the  endothelium  and  a  crowding  of  the  lumen  with  tumor  cells. 
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THE  EBSPIEATOET  SYSTEM. 
The  Nose  and  its  AeBociated  CavitieB. 

Thb  mucouB  membraDC  lining  the  dobc  under  normal  conditiona  cleanaes  from  dust 
the  air  which  impinges  upon  nnd  sweeps  across  it  in  respiration.  It  Is  Id  this  way  ex 
posed  to  various  deleterious  agencies.  It  is  subject  also  to  such  Biiddenchangeaof  tem 
perature  aa  may  involve  great  and  abrupt  allenitlona  in  the  condition  ot  Its  blood- 

ATION.    (Uunitia.) 


Aonte  Catarrhal  laflammatioii  is  common  and  often  associated  with  a 
similar  process  in  tlie  pharynx  and  larynx.  There  is  at  first  a  hypeneniic 
swelling  followed  by  an  increased  pro- 
duction of  mucus  and  transudation  of 
serum  from  the  blood-vessels;  emigration 
of  leucocytes  and  desquamation  of  epi- 
thelium may  follow.  This  and  other  iu- 
flanimatorj'  processes  may  extend  to  the 
frontal  sinuses  and  the  antrum  where  the 
exudates  may  collect  (Fig.  258).  As  the 
process  resolves,  the  exudation  ceases, 
the  epithelium  regenerates,  and  the  mucosa 
is  restored  to  its  normal  condition. 

Psendomembraooiu  Inflajnmation,  either 
simple  or  diphtheritic,  may  involve  the 
nasal  cavities.  Phlegmonous  infiauinia- 
tiou  involving  adjacent  parts  is  of  occa- 
sional  occurrence.     Bacteria  apparently 

plav  an  important  part  as  excitants  of  via.  w^-cathbrhilj.  inflamhaticis  or 
acute  catarrhal  and  pseudomembranous  "'Mrcot-sMRaBSANicof thkantri«. 
inflammation. '  tbe  epithelium. 

Chronic  Catarrhal  Inflammation  may  follow  the  acute  form,  and  is 
marked  by  hyperplasia  of  the  fibrous  tissue  in  the  submncosa,  often  fol- 
lowed by  atrophy  of  the  mucosa.  Ulceration  of  the  mucosa  hiay  occur; 
the  exudate  may  assume  a  fetid  character.  An  byx>erp1asia  of  tbe  mu- 
cosa may  lead  to  the  formation  of  the  so-called  mucous  polyps."  These 
often  contain  hyjwrplastic  mucous  glands  and  they  are  often  cedematous. 

'  For  a  study  ot  the  bacteriology  of  na»al  inflammation  see  Ilottard,  Am.  Jour.  Med, 
Sciences,  vol.  cxv.,  p.  .WO,  1888.  &ec  also  for  bacteria  of  tlie  nose,  ypiiniaiiii,  Zeits.  f. 
Hyg.,  etc.,  Bd.  \\.,  p,  88.  For  a  study  of  the  lymph- vessels  of  the  nose  and  pliarynn 
see  .\fmt.  Arch.  f.  Anat.  u,  Pbys.,  IBOi,  p.  75. 

'For  a  summary  of  facts  concerning  the  nature  of  the  onlinwy  nasal  polyps  see 
Wright,  New  York  Med   Record,  January  26tli,  1801,  p.  182,  bibliography. 
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Taberenlons  and  Sjphilitie  Inflaaiination  with  the  nsnal  morpholt^cal 
characters  of  these  processes  are  oommon  in  the  nasal  cavities. 


Aside  from  the  nattl  polypt  which  may  be  adenomatoos  in  character, 
the  most  common  tomom  are  epithelioma  and  aarooma. 

Dermoid  cyiti  have  been  described. 

The  pharynx  may  be  the  seat  of  lesions  similar  to  those  just  described 
as  involving  the  nasal  cavities. 

The  Ij&rynx.  and  Trachea. 

MalSorataHonM. 

The  larynx  and  tracb«a  may  be  absi-ot.  The  laryni  may  b«  abnormaUy  lar^  or 
nnall ;  the  epiglottis  alio  may  be  too  large  or  loo  small,  or  may  be  cleft.  There  maj- 
be  coiDmunicatioDs  betKeen  the  trachea  and  the  <psnphagus.  aod  then  the  pharytix  gen- 
erally ends  in  a  cul-de-sac.  and  the  a-suphagus  otK-ns  into  the  trachea.  There  mar  be 
imperfect  closure  of  the  original  branchial  arcbcs,  so  that  tbcre  are  fissures  in  tbe  skin 
leaditig  into  flsiuls  which  open  into  the  pharynx  or  trachea.  Tbe  fissure  in  the  skin  is 
Botall  and  is  situated  about  an  inch  above  the  sterno-cUvicular  articulatioD,  usually  on 
one  or  both  sides,  more  rarely  in  tbe  middle  line.  Individual  cartilages,  as  the  epiglot- 
tis, or  one  or  more  rings  of  the  trachea,  may  be  absent,  or  there  may  be  supemumeiari- 
rings.  Tbe  trachea  nuydividc  into  three  main  bronchi  instead  of  two.  and  in  that  case 
two  bronchi  are  given  off  to  the  right  lung  and  one  to  the  left  The  trachea  may  be 
on  the  left  side  of  the  oesophagus  or  behind  it. 


nmitifA    OP  THS  OLOTTIS. 

This  is  a  condition  in  which  there  Ls  an  accnmulation  of  serous  flnid 
in  the  snbmucosa  of  the  upper  part  of  the  laryux.  This  may  be  due  to 
simple  circnlatorj-  disturbances,  local  or  general,  or  it  may  be  inflamma- 
tory in  character.  The  greatest  accnmulation  of  fluid  is  in  places  in 
which  the  submucous  tissue  is  abundant  and  loose  in  texture,  as  in  the 
posterior  wall  of  the  epiglottis,  in  the  ar>-epiglottidean  folds,  atid  in  the 
false  vocal  cords.  The  swelling  of  these  parts  may  be  so  great  as  to 
occlude  the  air  passa^.  After  death  the  oedematous  swelling  may 
largely  disappear,  but  the  mneoiis  membrane  may  be  left  unusually 
wrinkled  and  flabby. 

CEdema  of  the  glottis  is  comparatively  infrequent  in  association  with 
such  heart,  kiduey,  and  iung  lesions  as  le^id  to  general  oedema.  It  is,  on 
the  contrary,  frequent  in  connection  with  various  forms  of  laryngeal 
inflammation. 

DTFLAJOCATION.     (LarTiigritU.) 

Acute  Catarrhal  Laryngitii. — This  occurs  as  an  indepeudent  process  as 
a  complication  of  tbe  infectious  diseases,  or  may  be  induced  by  the  inha- 
lation of  irritating  vapors  and  of  hot  steam  and  smoke.  The  iuflamma- 
tiou  varies  in  its  intensity  in  different  cases.  The  mucous  membrane  is 
at  first  congested,  swollen,  and  dty;   then  the  mucous  glands  become 
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.  more  active  auil  an  increa»e<l  quantity  of  mucus  is  formed.  There  is 
desquamation  of  the  superficial  epithelial  cells,  ^hile  throngh  emigra- 
tion leucocj'tes  may  infiltrate  the  Bubmucosa,  and  together  with  mucus 
and  desquamated  epithelium  form  the  exudate.  There  may  be  cedema 
of  the  glottis. 

After  death  the  congestion  of  the  mucous  membrane  frequently  dis- 
appeai-s  altogether. 

Chronic  Catarrhal  Laryngitis. — The  surface  of  the  mucous  membrane  is 
dry  or  coated  with  muco-pns.  The  epithelium  is  thickened  in  some 
pliices,  thiuned  In  others,  or  in  places  entirely  destroyed.  The  submu- 
cosa  may  be  infiltrated  with  cells,  diffusely  thickened,  or  form  little 
papillary  outgrowths;  it  may  be  thinned,  or  necrotic  and  ulcerated. 

The  mucous  glands  may  be  swollen  and  prominent.  The  inflamma- 
tiou  may  extend  to  the  perichondrium  of  the  cartilages,  which  may 
l>ecome  necrotic.  In  chronic  laryngitis  there  may  be  a  more  or  less 
diffuse  thickening  of  the  epithelium,  often  associated  with  an  hyperpla- 
sia of  the  submucous  tissue.     This  is  called  packydennia  diffusa.     A  sim- 


Fro.  ia—LoCiUisn  Htpkrflasi*  or  run  ecithkch'm  Asn  arHMi:c(n:a  connmtjve  tissl'e  of  thi 
The  sectton  sbuKs  a  purtlon  of  *  small  ruugh  iiran-llkc  or  papillary  eron-lb. 

ilar  process,  if  localized,  may  lead  to  larger  and  smaller  wai-t-like 
excrescences — pachydermia  rerriicoiui.  (Fig.  259). 

Cioupons  LaryngitiB  occurs  most  frequently  as  the  characteristic  local 
lesion  in  diphtheria,  of  which  the  Bacillus  diphtheria;  is  the  excitant  (see 
page  239).  It  may,  however,  be  incited  by  the  Streptococcus  pyogenes 
and  other  l>acteria,  and  not  infrequently  iiecompanies  other  infectious  dis- 
Piises,  scarlatina,  typhoid  fever,  and  other  exanthemata  (see  page  209). 
The  false  membrane  may  lie  continuous  with  a  similar  structure  in  the 
pharynx,  and  it  may  extend  down  into  the  bronchi. 

Phlegmonous  Lar7ngitiB.~-8nppiirative  inflammation  involving  the 
mncosaandsubmucosaisnsually  secondary  to  catarrhal,  croupous,  tuber- 
culous, or  syphilitic  laryngitis;  or  it  may  be  associated  with  pyiemia  or 
erysipeliis,  or  it  may  follow  mechanical  injury  from  a  foreign  body.  It 
is  not  uncommon  on  the  posterior  surface  of  the  epiglottis  or  in  the  ary- 
epiglottideau  folds,  and  may  be  associated  with  oedema  of  the  glottis. 
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Abscesses  may  form  which  rupture  iuto  the  larynx,  or  they  mav  extend 
into  the  ueck  or  the  pharynx  or  oesopL^OF. 

Tnbercnloas  Laryn^tic— This  leBion  is  most  frequently  a-ssociated  with 
pulmouary  tuberculosis.  Early  in  the  process  there  is  a  formation  in  the 
submucosa  of  miliary  tubercles  leather  with  more  or  less  new  small- 
celled  tissue;  with  this  is  a  catarrhal  inflammation  with  an  exudate  of 
mucus,  pus  cells,  aud  desquamated  epithelium. 

As  coagulation  necrosis  of  the  subepithelial  tubercles  occurs,  ulcers 
are  formed,  often  with  an  increase  of  the  catarrhal  exudate.  The  proc- 
ess may  extend  so  as  to  involve  the  walls  of  the  larynx,  and  necrosis  of 
the  cartilages  may  follow.  Adjacent  ulcers  may  become  coudueut  so 
that  considerable  areas  of  the  mucous  membrane  may  be  destroyed. 

Syphilitic  L&ryn^tis. — ^This  form  of  infi^nmation  may  have  the  ordi- 
nary characters  of  an  acute  or  chronic  catarrhal  inflammation,  or  itis  pro- 
ductive in  character  with  the  formation  of  new  tissue  in  the  stroma  of 
tlie  mucous  membrane.  This  new  tissue  is  principally  composed  of 
small  cells,  which  often  degenerate  and  become  neci-otic.  In  this  way 
the  mucous  membrane  of  the  larj-nx  and  the  tissues  beneath  are  thick- 
ened in  some  places  aud  destroyed  in  others,  giving  rise  to  erosions  and 
ulcers.  These  changes  are  especially  marked  in  the  upper  portion  of  the 
larynx.  If  the  perichondrium  be  involved  there  may  be  necrosis  of  the 
laryngeal  cartilages.  Owing  to  the  cicatricial  contractions  of  healed 
syphilitic  ulcers  there  may  be  great  deformity  of  the  larynx. 

Lesions  of  the  trachea  are  often  associated  with  those  of  the  larynx  and 
are  iu  general  similar  in  character. 

TiraCOSS  OF  THE  LAIITITX  ANB  TRACHEA. 

R«tention  Cytts  of  the  mucous  glands  of  the  larynx  may  form  sacs 
projecting  into  its  cavity. 

Papilloma,  single  or  multiple,  is  the  most  common  form  of  benign 
tiuuor  of  the  larynx.  It  13  most  frequent  upon  the  vociil  cords  and  is 
usually  associated  with  chronic  inflammation.  Fibroma,  lipoma,  myzoina, 
and  angioma  are  occasionally  met  with.  Chiondromata  grow  from  the 
normal  csirtilages  and  are  usually  multiple  and  »e.'*8ile.  They  ;uay  pro- 
ject iuto  the  cavity  of  the  larynx. 

Fusiform  or  spheroidal -eel  led  saroomata  of  the  larynx  haie  been  seen 
iu  a  considerable  number  of  cases,  both  iu  children  and  in  adults. 

Caroinomata,  nsnaliy  the  epitheliomatous  type,  may  originate  in  the 
larynx,  most  conmionly  upon  the  false  vocal  cords.  But  from  adjacent 
structures,  usually  from  the  ojsophagns.  cancer  may  invade  the  larynx. 

In  the  iraehea  tumors  are  of  rare  occurrence,  but  occasional  examples 
of  growths  similarto  tlio.se  in  the  larynx  have  been  found.  Tubereulous 
and  otherwise  altered  bronchial  Ijnnpb-nodes  may  by  ulcerative  processes 
"nter  and  obstruct  the  tnicliea, 

Single  or  multiple  amyloid  maues,  often  associated  with  cartilage, 
have  been  described  in  the  larynx  and  trachea.' 

'  Sw  Muiia^,  Vircli.  Arch.,  Bd.  clix..  p.  117,  1900. 
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The  Pleura. 
HTBBOTHOKAX. 


Non -inflammatory  accamulations  of  clear  serum  in  tlie  pleural  cavi- 
ties are  of  frequent  occurrence.  They  occur  under  conditions  similar 
to  those  wlilch  lead  to  dropsy  ip  other  parts  of  the  body — lesions  of  the 
heart,  liver,  and  kidneys,  and  changes  in  the  circulation  and  in  the  com- 
position of  the  blood. 

If  the  amount  of  serum  be  large  it  may  compress  the  lower  lobes  of 
the  lungs. 

HTDBO'PNinniOTHOB.AX-PTO-FNEUHOTHOBAZ. 

The  presence  of  air  in  tlie  pleural  cavities  is  usually  associated  with 
a  serous  or  purulent  exudate.  It  may  occur  as  the  restUt  of  perforatioi' 
of  the  lung,  from  rupture,  from  ulceration  of  tuberculous  lesions  at  the 
pleural  surfaces,  from  injuries  to  the  chest  wall,  perforation  of  the  dia- 
phragm by  suppurative  or  cauc«roas  lesions  of  the  cesophagus,  stomach, 
or  intestine,  as  well  as  in  a  variety  of  other  conditions.  Gas  may  form 
in  the  pleural  cavities  in  infection  by  the  bacillus  aerogenes  capsulatus. 

TT  JBurmmw  a  nv. 

Subpleural  ecchymoses  may  occur  in  asphyxia  or  dnring  infectious 
diseases  or  intoxications.  More  extensive  extravasations  of  blood — 
htematothorax — may  be  the  result  of  injuries  to  the  wall  of  the  thorax  or 
the  nipture  of  aneurism. 

Hsemanha^c  Exndatei  are  usually  associated  with  tuberculous  infiam- 
mation  of  the  pleura  or  with  infarctions  of  the  lungs,  carcinoma,  or  inju- 
ries, infectiou£  diseases,  or  cirrhosis  of  the  liver. 

nnXAKKATION.    <PleuTitia,  Fleuriay.) 

Inflammation  of  the  pleum  may  occur  as  an  indepeudeut  lesion,  but 
it  is  commonly  associated  with  pathological  processes  in  the  lungs,  peri- 
cardium, abdomen,  or  chest  wall.  It  may  be  exudative  in  character, 
usually  associated  with  more  or  less  proliferation  of  the  mesothelial 
("endothelial")  and  connective-tissue  cells,  or  it  may  be  productive 
with  the  formation  of  new  connective  tissue.  These  phases  of  inflamma- 
tion may  be  associated.  Through  the  production  of  new  connective  tis- 
sue, repair  of  the  a<'Ute  iuflammatorj'  lesion  is  commonly  effected.  In 
the  exudative  forms  of  pleurisy  the  exudate  may  consist  of  fibrin,  or  of 
serum  and  fibrin,  or  of  serum  with  fibrin  and  pus. 

Simple  FibrinauE  Pleurisy  (Dry  Fleoriay;  Plenritis  Sioea). — This  may 
involve  circumscribed  areas  of  the  costal,  mediastinal,  diaphragmatic, 
or  pulmonary  pleura,  less  frequently  the  entire  pleura  of  one  side  of  the 
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chest  The  affected  portions  of  pleura  are  dull  and  lustreless  and  coated 
with  fibrin,  opposing  surfaces  often  being  Joined  by  bands  of  fibrin. 
There  are  swelling,  degeueratiou,  proliferation,  and  exfoliation  of  the 
mesothelium,  with  swelling  and  proliferation  of  the  connective-tissue 
cells  beneath.  Exceptionally,  there  is  iuvoh'enient  of  the  entire  pleura 
of  one  side,  with  the  production  of  such  a  lai^  amount  of  fibrin  as 
seriously  to  compress  the  lung. ' 

Sero-Fibrinou  Pleuriay  {PlenriBy  with  Efiuiion). — This  is  the  most  com- 
mon form  of  pleurisy.  As  a  rule,  it  involves  the  greater  part  of  the 
pleura  of  one  side  of  the  chest.  Sometimes,  however,  the  pleura  of  both 
sides  of  the  chest  ia  involved,  and  then  the  pericardium  also  is  often 
inflamed. 

^\'llile  the  iatlaiumation  is  in  progress  the  surface  of  the  affected  pleura 
is  coated  with  fibrin,  and  bands  of  fibrin  stretch  between  the  parietal  aud 
pulmonary  pleura.  In  the  pleural  cavity  Is  serum  in  variable  quantity. 
This  serum  is  clear,  or  turbid  from  the  presence  of  exfoliated  mesothe- 
lium, leucocytes,  aud  floeculi  of  fibrin  or  red  blood  cells.  The  lung  is 
compressed  in  different  degrees  aud  positions,  according  to  the  quantity 
of  the  serum  and  the  character  of  the  adbesioDS.  The  heart  may  also  be 
displaced  by  the  accumulated  exudate. 

The  natural  termination  of  such  a  pleurisy  is  the  recovery  of  the 
patient,  with  thiekenlDgs  of  the  pleura  aud  adhesions.  The  irregular 
terminations  are :  The  death  of  the  patient,  the  protracted  existence  of 
the  fibrin  and  serum,  aud  the  change  of  the  character  of  the  inflamma- 
tion so  that  pus  is  produced. 

If  the  patient  recover,  the  serum  is  absorbed,  the  fibrin  disappears, 
and  repair  is  effected,  as  in  simple  fibrinous  pleurisy,  by  the  formation 
of  grauulatiou  tissue,  which  gradually  becomes  dense  aud  cicatricial  in 
character  and  may  remain  as  local  or  general  thickenings  or  firm  adhe- 
sions of  the  opposed  pleural  surfaces.  The  lung  may  be  distorted  by 
contraction  of  the  new-formed  couuective  tissue.  The  exudates  in  the 
serofibrinous  form  of  pleurisy  do  not  usually  infiltrate  the  pleura,  but 
gather  upon  its  surface  and  in  the  cavity. 

The  Excitants  of  Sero-fibrinous  Pleukisy. — Cultivations  from 
the  exudate  give  in  the  larger  proportion  of  cases  negative  results;  but 
the  pneumococcus.  Streptococcus  pyogenes.  Staphylococcus  aureus  and 
albus,  and  the  typhoid  bacillus  have  been  isolated.  When  the  inflam- 
mation of  the  pleura  is  eonsecutii'e  to  acute  lobar  pueumouia,  the 
pneumococcus  may  still  not  be  found  in  the  exudate.  The  presence 
of  the  streptococcus  is  frequently  followed  l)y  the  formation  of  pu.s. 
The  organisms  named  above  may  be  present  alone  or  in  various  associa- 
tious.  Many  ca.se8  with  simple  sero-fibrinous  exudate  prove  on  inocula- 
tion to  be  tuberculous.' 

'  For  a  study  of  thu  origin  uf  fibrin  and  adbeslona  of  the  serous  menibraDes  coqbuII 
Beinst,  Vircli.  Ardi.,  Bd.  c)x.,  p.  365.  1900:  also  Gnylord.  Jour  Exp  Med.,  vol,  iii.,  p. 
1,  bibliography. 

■■"  "    .  study  of  the  bacteria  in  exudative  pleuritla,  with  the  earlier  bibliography. 
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Sappnratire  Flenriiy  (Empyema). — Suppurative  pleurisy  may  occur 
either  witii  or  without  the  formation  of  a  cousiderable  sero-fibriuous  exu- 
date. The  exudate  may  be  purulent  from  the  beginuing,  or  asero-fibrin- 
ous  exudate  may  assume  this  character. 

The  pleural  cavity  in  empyema  is  partly  or  completely  filled  iiith 
puruleut  fluid,  aud  the  lung  is  either  compressed  against  the  vertebral 
colmun  or  partly  adherent  to  the  chest  wall.  Sometimes,  however,  the 
purulent  fluid  is  shut  in  by  adhesions,  either  between  parts  of  the  lung 
and  the  thoracic  wall,  or  between  the  lung  and  the  diaphragm,  or  l>etween 
the  lung  and  the  pericardium,  or  between  the  lobes  of  the  lung. 

The  fluid  in  the  pleural  cavity  is  usually  a  thin,  purulent  serum, 
composed  of  semm,  pus  cells,  mesothelial  cells,  and  flocculi  of  fibrin; 
but  sometimes  this  fluid  is  thick  and  viscid. 

While  in  childi-en  the  more  or  less  acti^■e  suppurative  process  in  the 
pleura  may  continue  for  a  long  time  without  deep  involvement  of  the 
pleura,  in  adults  granulation  tissue  may  form  upon  the  pleura,  which 
thus  becomes  gradually  thickened  and  may  so  remain  for  mouths  with 
its  inner  vascular  surface  covered  with  pus  and  fibrin.  In  such  cases  as 
well  as  in  less  chronic  forms  the  fibrin  fibrils  are  often  swollen  and  coa- 
lesce to  form  irregular  homogeneous  or  finelj'  gi^anular  masses.  Resolu- 
tion may  occur  in  one  region  of  the  pleura  while  the  exudate  in  another 
may  become  encapsulated  by  new-formed  connective  tissue. 

In  old  cases  the  thickening  of  the  pleura  may  be  great  and  it  may 
become  calcified.'  The  perichondrium  of  the  cartilages  and  the  peri- 
osteum of  the  ribs  may  become  inflamed,  with  necrosis  of  the  cartilages 
and  ribs  or  a  production  of  new  bone.  Necrosis  and  gangrene  of  the 
involved  pleura  may  occur  and  putrefactive  process  be  set  up  in  the  exu- 
date. The  suppurative  process  may  extend  from  the  pleura  involving 
adjacent  parts,  such  as  the  fasciee,  the  muscles,  the  skin,  the  diaphragm, 
or  the  lungs.  Thus  the  pus  may  find  an  exit,  through  the  wall  of  the 
thorax,  into  the  peritoneal  cavity  or  into  the  lungs. 

lu  inflammation  of  the  pleura  the  process  may  extend  to  the  lymphat- 
ics in  the  interlobular  septa,  around  the  bronchi,  and  around  the  blood- 
vessels. This  interlobular  lymphangitis  occurs  more  frequently  in  chil- 
dren thau  in  adults.  The  lymphatics  in  the  interlobular  septa  and  those 
around  the  bronchi  and  blood-vessels  are  distended  with  pus  cells,  the 
septa  are  much  thickened,  aud  the  lobules  separated  from  each  other, 

Sero-fibrinons  pleui-isy  and  empyema  may  occur  as  complications  of 
infectious  diseases,  such  as  scarlatina,  typhoid  fever,  and  various  forms 
of  septiciemia,  or  by  an  extension  of  an  inflammatory  process  from  such 
adjacent  parts  as  the  pericardium,  lungs,  media.stinum,  etc'  The  vari- 
ous forms  of  pneumonia  are  frequently  associated  with  local  or  general 
inflammation  of  the  pleura. 


sophageiil  diverticula  to  empyema  see  Starek,  Arcb.  f. 
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The  Excitants  op  Empyema.— Streptococcus  pyogenes  ia  the  most 
frequent  excitant  of  suppurative  inflammation  of  the  pleura.  Ac- 
cording to  the  statistics  of  Setter  this  organism  has  been  found  in  a 
little  over  forty  per  cent  of  the  cases  examined  of  all  ages.  The  pneu- 
mococcus  has  been  fonnd  in  over  twenty -five  per  cent  of  cases  examined. 
The  streptococcus  and  the  pnenmococcus  are  associated  in  a  small  pro- 
portion of  cases.  Of  lees  frequent  occurrence  are  Staphylococcus  pyo- 
genes, Bacillus  typhosus, '  Bacillus  coli  communis,  the  gonococcus,  the 
pneumo-hacillus  of  Friedlaiider,  and  the'  iuHuenza  bacillus.  In  empy- 
ema with  fetid  exudate,  various  forma  of  bacteria  may  be  present. 
While  in  the  adnlt  the  streptococcus  is  most  often  found  in  the  eiupye- 
mic  exudate,  in  young  children  the  pnenmococcus  is,  according  to  Xet- 
ter,"  most  common. 

Chronic  Pleurisy  with  Adhetiou. — ^This  form  of  pleurisy  may  follow 
one  of  the  varieties  of  pleurisy  just  described,  it  may  be  associated  with 
emphysema  and  chronic  phthisis,  or  it  may  occur  by  itself. 

After  death  the  pulmonary  and  costal  pleura  are  found  thickened  and 
joined  together  by  numerous  adhesions.  These  changes  may  involve 
only  a  part  or  the  whole  of  the  pleura  on  one  or  both  sides  of  the  chest. 

The  thickened  pleura  is  covered  with  mesothelium ;  the  new  connec- 
tive tissue  may  be  very  dense  and  may  contain  few  or  many  cells. 
Blood- ^'eHeels  may  be  numerous  and  irregular  iu  distrihution  or  few  in 
number. 

Tuberoaloiu  Pleuritis. — Tuberculosis  of  the  pleura  is  usually  secondary 
to  tuberculous  inflammation  elsewhere  in  the  body,  either  in  the  lungs, 
which  is  most  common,  or  the  bronchial  lymph-nodes,  peritoneum,  bones, 
etc.,  or  it  may  be  a  part  of  a  general  miliary  tuberculosis,'  There  may 
be  localized  or  widely  disseminated  miliary  tubercles  upon  or  beneath  the 
pleural  surfaces,  either  in  direct  association  with  lesions  beneath  the 
pulmonary  pleura  or  apart  from  these  or  upon  the  costal  pleura.  The 
tuberculous  foci  may  be  larger  and  more  diflFuse.  The  minute  chars  ters 
of  the  inflammation  are  not  essentially  different  from  those  found  iu 
tuberculosis  in  connective  tissue  elsewhere,  but  the  mesotbelial  cells  cov- 
ering the  pleura  may  share  lai^ly  in  the  early  phases  of  the  new  growth. 

If  the  process  be  prolonged,  mucb  dense  fibrous  tissue  may  be  fonued 
in  which  are  miliary  tubercles  iu  various  st^es  of  coagulation  necrosis 
or  larger  i>atche8  of  necrotic  tissue  surroundeil  by  miliary  tubercles  or 
diffuse  tuberenlons  tissue. 

With  all  tjT)es  of  tuberculous  inflammation  of  the  pleura  more  or  less 
exudate  may  form.  This  may  be  serofibrinous,  often  with  very  little 
fibrin,  or,  as  is  frequently  the  case,  it  is  tinged  or  deeply  colored  with 

'  OoDBull  for  caaea  bibliograpliy  Oarilim'er  aod  LarU'gau,  Am.  Jour.  Med.  Sciences, 
vol,  cxxi.,  p,  48,  1901. 

» JV'eiter,  Bouchard  and  Brissaud'a  "TraitS  de  MMecine,"  t.  vii.,  p.  446,  IBOl.  For 
A  study  of  the  ways  nf  infcotion  of  the  pleura  see  Orober,  Deulacbcs  Arcb.  (.  klin.  Movi,, 
Bd.  Iwili.,  p.  298,  1900,  bibliograpby. 

•For  evidence  of  tbe  frequeucv  of  primary  tuberculosis  of  the  pleura,  consult 
Hodenm/l.  New  York  Medical  liecorS,  June  24,  1899. 
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blood.     The  exudate  may  be  purulent.     The  tubercle  bacillus  may  be  " 
associated  with  other  bacteria,  most  often  with  the  Staphylococcus  pyo- 
geues  iu  the  purulent  exudate. 

Many  cases  of  pleuritis  with  a  sero-fibrinous  exudate  giving  no  growth 
of  bacteria  ou  the  ordinarj-  culture  media  are  found  to  be  tuberculous,  by 
the  inoculation  of  guinea-pigs  with  the  fluid. 


Fibroma,  aarooma,  and  endothelioma  may  occur  as  primary  tumors  of 
the  pleura.  Fibroma  and  lipoma  formed  in  the  subpleural  tissues  may 
encroach  upon  the  pleural  cavity.  EndotheHoma  usually  occurs  in  the 
form  of  lai^r  and  smaller,  flat  or  projecting,  irregular  nodular  i 


Fig.  wi.  -ENiJOT«JCi.iom  oc  ihk  plkcba. 
Tbe  laiieriurtace  of  ■  seinnenciif  tbe  cnauil  pk^ura.  ntntaliilnil  (brve  of  ttae  rItH.  to  ■bown  Id  the  cut. 

(Fig.  260),  frequently  most  marked  and  extensive  upon  the  costal 
pleuni  (,Fig3.  300  and  -SOI).'  This  as  well  as  other  tumors  of  the  pleura 
may  be  associated  with  an  exudative  pleuritis. 

Carcinoma,  primary  in  the  thyroid,  mamma,  cesopbagus,  and  stomach, 
may  invade  the  pleura.  Small  white,  slightly  projecting,  often  pig- 
mented elevations  of  the  pleura,  either  single  or  multiple,  are  com- 
mon. These  were  formerly  regarded  as  mostly  miliar)'  fibromata.  But 
Hodeupyl  and  others  have  shown  that  while  some  may  be  fibromata  or 
lymphangiomata  or  air  cysts,  they  are  mostly  fibrous  masses  which  replace 
or  enclose  miliary  tubercles.  Echinococcus  and  other  oytta  of  the  pleura 
have  been  recortled.' 

■a  consult   Qloekn^,  Zeita.   i.  Heil. 

a  sec  Zahn,  Vlrchow's  Arcb.,  Bd. 
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The  Lungs  and  Bronchi. 
The  Bronchi. 


In  hsemorrh^e  from  the  bronchi  the  source  of  the  blood  is  often  to 
be  Bought  in  the  parenchyma  of  the  lung  (see  page  445)  or  in  a  ruptured 
aneurism.  But  hfemorrh^e  from  the  bronchial  walls  may  occur  in 
tuberculous  or  other  forms  of  ulceration,  chronic  bronchitis,  malignant 
tumors,  etc. 

IWrLAMMATIOS.    (BronChitiB.) 

Acute  Catarrhal  Bronohitii. — This  is  frequently  associated  with  a  simi- 
lar process  in  the  trachea.  It  is  characterized  by  hyperfemia  and  swelling 
of  the  mucous  membrane  with  the  foimation  of  exudate,  which  usually 
consists  largely  of  mucus  formed  by  the  hypersecretion  of  the  mucous 
glands  or  degeneration  of  the  epithelial  cells.  Mingled  with  this  are 
exfoliated  and  more  or  less  degenerated  epithelium  from  the  mucous 
membrane,  leucocytes  from  the  dilated  vessels  of  the  submucosa,  varying 
numbers  of  red  blood  cells,  and  bacteria. 

The  microscopic  api>earances  differ  in  different  parts  of  the  bronchial 
tubes  in  accordance  with  the  differences  in  structure.  Mucous  glands, 
when  these  are  present,  may  reveal  great  functional  activity,  and  their 
ducts  may  be  distended  with  mucus  which,  often  mingled  with  exfoli- 
ated and  degenerated  cells,  streams  out.  upon  the  surface.  Swelling  and 
proliferation  of  the  connective-tissue  cells  and  endothelium  of  the  ^■e8sels 
of  the  submucosa.  cedema,  and  emigration  from  the  dilated  vessels  are 
often  marked.  The  leucocytes  may  be  seen  making  their  way  through 
the  epithelium  into  the  other  exudates  upon  the  surface.  The  epithelium 
may  be  loosened,  siugle  or  clustered  cells  falling  off  here  and  there,  or 
shreds  of  cells  may  exfoliate  together  (see  Fig.  261).  The  deeper  sphe- 
r<»idal  epithelia,  the  so-called  mother  cells  from  which  the  new  ciliated 
cells  on  the  surface  are  formed  in  both  physiological  and  pathological 
regeneration,  usually  remain  in  place  upon  the  basal  membrane.  In  the 
small  bronchi  whose  walls  are  thin,  little  else  may  be  seen  than  an  irreg- 
ular exfoliation  of  the  epithelium.  On  the  other  hand,  the  smaller 
bronchi  may  be  much  involved  and  their  lumina  filled  with  exudate ; 
when  this,  which  has  been  called  "capillary  bronchitis,"  occurs,  the 
inflammatory  process  usually  involves  the  adjacent  and  associated  terri- 
tories of  lung  tissue,  constituting  one  of  the  important  forms  of  broncho- 
pneumonia. In  some  forms  of  bronchitis  the  exudate  may  consist 
lai^ly  of  pus. 

Atelectasis  of  corresponding  tracts  of  the  lung  may  follow  the  occlu- 
sion of  the  bronchi  with  exudate.     As  recovery  advances,  the  submu- 
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cosa  assumes  its  uormal  thickness  aud  character  and  the  epithelium  is 
regenerated  from  the  cells  of  the  deeper  layers. 

Various  forms  of  bacteria  may  be  associated  with  acute  bronchitis,  aud 
are  pi'esumably  the  excltauta  under  favorable  conditions  of  the  lesions; 
the  etiological  relationship  has,  however,  not  yet  been  experimentally 
established.  The  most  commou  forms  of  bacteria  are  Streptococcus  pyo- 
genes, the  pneumococcus.  Staphylococcus  aureus,  and  the  influenza 
bacillus.' 

CShronic  Catarrhal  Bronchitis. — ^This  form  of  bronchitis  may  be  the  sequel 
of  one  or  more  attacks  of  acute  bronchitis.  More  frequently  it  is  associ- 
ated with  emphysema,  heart  disease,  interstitial  pneumonia,   phthisis, 


Tta.  m.— ACUTE  Catabrhal  Bronchitis. 

TbiB  section  ot  a  smsll  porUon  of  the  brancbla]  w sll  sbovs  considerable  eifollBlion  of  Ui«  epIIbeUum, 

but  many  ot  the  deeper  w-calJed  "motber  Mils"  remain  In  place.    There  are  awellloR  ol  tbe  connecllre. 

Someol  the  leucoc.ilea  are  paralnR  Uimugh  theepllhellum  to  mlnsle  with  the  mucous  exudate  and  exfoll. 
aledrelljiln  the  lumen  of  the  hronchua.  Some  of  the  dllalert  cells  show  the  "beaker"  shape ".-Itli  a  homo- 
geneous Interior  indicating  the  production  of  mucus  nilbln  tbem. 

pleuritic  adhesions,  or  the  inhalation  of  irritating  substances.  There  is 
in  most  eases  a  constaut  production  of  mucus,  pus,  and  serum  in  consid- 
erable quautities,  and  these  inflammatory  products  may  have  a  ^■ery  foul 
odor.  Less  frequently  these  pi'oducts  are  very  scanty — dry  catarrh. 
The  epithelium  is  deformed  and  desquamating,  with  a  production  of  new 
cells  in  the  deeper  layers.  There  may  be  epithelial  hyperplasia  or  atro- 
phy ;  the  mucous  glands  are  lai^e  oi'  atrophied ;  there  may  be  hyperpla- 
sia or  atrophy  of  the  submucosa;  the  muscularis  may  be  thickened  or 
atrophied.  These  changes  in  the  fibrous  and  muscular  elements  of  the 
walls  lead  to  the  so-called  " trabeculation  "  of  their  inner  surfaces  (Fig. 
262),  Obliterating  arteritis  of  the  associated  vessels  may  occur.  These 
changes  in  the  walls  of  the  bronchi  may  lead  to  bronchiectasia. 
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Aontc  Fuado-membnuioiu  Bronohitu — Cronpotu  Bronohitii— may  oocqf 
vith  croupous  laryngitis,  as  a  lesion  of  diphtheria,  vith  lobar  pneumo- 


,":■■""*-■■.  '^Si'^i  »»■"•> 


Fiu.  lK.-CiiRO!iic  Bronchitis  with  hoduitb  Bronchi rctasu. 

Tbl>  (iwuverae  sectJaii  of  a,  portfain  of  Uie  wdl  oC  a  dlUted  broncbiu  ihawB  Mrophr  o[  Ibe  epJUieUniii  i 
llliTDUS  bTperplula  ol  Ibo  gabmucon  wlUi  the  ronaufon  ol  [ongHudliul  ridnee  on  Uie  Inierlar  of  Uie  tube 
(rmKiTHafd  ItalBBeeUon);  ttaickenlDff  ol  tbe  wall  of  Uie  bronchua  and  Urophy  of  tbe  mucous  glanila. 

nia,  and  sometimes  without  these  associatioos.  The  bronchi  are  lined  or 
filled  with  a  mass  of  fibrin,  pus,  and  desquamated  epithelinm.  Fibrin 
and  pus  may  also  be  found  beneath  the  epitlielinni  and  infiltrated  in  the 
stroma. 

Chronic  I^brinoni  Bronohitis  is  attended  with  the  formation  in  one  or 
more  bronchi  of  masses  of  fibriu  which  are  expectorated  by  the  patient 


FIG.  203.— CHRONIC  FlBRINODH  BHONCBIttS. 

Flbhuoiu  caiM  of  tbe  broDdil.  similar  In  Itioae  sliDvEn  In  Uie  pbotograpb.  irere  mugbed  up  at  Irreffular 
iDWrtBls  for  several  years. 

in  the  form  of  branching  casts  of  the  brouchi  (Fig.  263).     After  death 
the  bronchi  are  said  to  be  but  little  altered  from  the  normal.' 

liiinn.  Am.  Jour.  Med.  8ci.,  vol.  cxxiii., 


Digitized  byGoOgIC 


THE   KE8PIKATOBY   SYSTEM.  479 

<'iirscbinaDD  has  d€tu;ribed  under  the  name  "brtmckiolitu  exudativa"  a 
form  of  bronchitis  in  which  small  threads  aod  bands  of  gray  or  yellow, 
partly  transparent,  coagulated  material  are  fonned  in  the  small  bronchi 
— " Curschmann's  spirals."  These  sometimes  occur  in  pneumonia.  In 
different  forms  of  bronchitis,  especially  in  those  associated  with  asthma, 
the  exudation  may  contain  small,  octahedral  bodies,  probably  composed 
of  mucin.  They  are  accidental  formations,  probably  formed  from  cells, 
and  may  be  fouud  iu  the  sputa. 

BBONOHIZCTASZA. 

Dilatations  of  the  bronchi  may  be  cylindrical,  fusiform,  or  sacculated. 
The  sacculated  dilatations  are  usually  the  larger.  These  communicate 
with  one  side  of  the  bronchus.  The  peripheral  portion  of  the  bronchos 
may  be  obliterated ;  the  bronchus  leading  to  the  cavity  may  be  of  normal 
size,  or  dilated,  or  steuosed,  or  even  completely  obliterated.     Such  sac- 


culated dilatations  may  reach  a  very  large  size  and  may  communicate 
with  each  other.  Dilatations  are  apt  to  occur  under  conditions  which 
interfere  with  the  integrity  of  the  bronchial  wall. 

In  acute  general  bronchitis  and  broncho-pneumonia  in  children,  c.vl- 
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iudrical  dilatatiou  of  a  uumber  of  the  mediuni-Bized  bronchi  often 
occurs. 

Ill  the  persistent  broncho-pnemnouia  of  children  such  dilatations  may 
reach  a  still  greater  development."  Chronic  bronchitis  may  lead  to  cylin- 
drical or  sacculated  dilatations,  sometimes  of  great  size. 

Occlusion  of  some  of  the  bronchi,  consolidation  of  portions  of  the 
lung,  and  extensile  pleuritic  adhesions  may  also  lead  to  bronchlectasia 
(Fig.  264). 

The  walls  of  brouchiectatic  cavities  may  be  lined  with  mucous  mem- 
brane, which,  howe^■er,  is  apt  to  uudergo  ^■arious  changes  as  the  process 
advances.  Thus  the  subepithelial  layer  may  be  viisciilar  and  cellular  aud 
thrown  iuto  folds,  or  it  may  be  thin  and  dense.     The  epithelium  is  often 


nn.  aw.— PttlllABT  ADE.NOMA  Or  THE  BBONCHI, 

irregular,  sometimes  irregularly  thickened,  sometimes  thin,  or  it  may  be 
largely  absent.  The  glands,  muscle,  aud  cartilages  of  the  walls  of  the 
brouchi  luay  disai>i>ear  through  atrophy.  The  preseuce  of  certain  forms 
of  bacteria  in  the  exudate  in  brouchiectasia  may  lead  to  oflfeusive  putre- 
factive process  and  even  to  gangrene. 

In  acute  and  chronic  phthisis  the  tuberculous  inflammation  of  the 
walls  of  the  brouchi  often  gives  rise  to  sacculated  dilatations,  which 
cxpaud  with  time  aud  become  still  larger  by  the  destruetiou  of  the  adja- 
cent lung  tissue — tuberculous  bronchiectasiae. 

'  For  11  study  of  broQclik'ctaaia  in  cliiltiren  see  Lajiin.  Arch.  f.  KioderhellkuniJe,  Bd. 
xxxvil.,  1903.  p.  4U6. 
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Primary  tamors  of  the  brouchi  are  rare.  Lipoma,  chondroma,  and 
fibroma  have  seen  observed.  Sarcoma  is  rare,  but  may  occur,  especially 
in  splieroidal  cell  forms,  or  as  an  extension  of  similar  groNFths  iu  the 
media^ttoiim.  Adenoma  (Fig.  265)  and  primary  carcinoma  are  rare. 
Secondary  carcinoma  is  not  uiicommou  aud  may  also  Involve  the  trachea 
of  the  lungs. 

In  chronic  brouchiti.s,  polypoid  hyperplaaiiB,  simulating  tumors,  may 
project  into  the  lumen.  Ossification  of  the  bronchial  vails  is  of  occa- 
sional occurrence. 


LESIONS  OF  THE   TBACHEAL    AND    BBONOHIAL    LTHPH-NODBS. 

The  tracheal  aud  bronchial  lymph-nodes  may  be  the  seat  of  a  variety 
of  tesioiis  which,  owing  to  their  situation,  as  well  as  for  other  reasons, 
are  of  considerable  practical  impor- 
tance. They  may  be  enlarged  from 
hyperplasia  in  acute  infectious  dis- 
eases ;  by  the  development  in  them  of 
tumors;  in  leukfemia  and  with  es- 
pecial frequency  in  tuberculosis  (Plate 
III. ),  They  may  become  pigmented 
from  inhaled  coal  or  other  dust  and 
may  atrophy  or  become  fibrous  or 
calcified.  In  cheesy  degeneration  fol- 
lowing tuberculosis  (Fig.  266),  or  in 
suppurative,  inflammation,  perfora- 
tion may  take  place  into  the  air 
passages,  or  the  pulmonary  blood- 
vessels, or  aorta,  or  into  the  pericar- 
dial or  pleural  cavities;  in  this  way 
.hiemoiThage  or  secondary  inflamma- 
tory processes  or  gangrene  may  occur. 
Death  may  occur  from  pressure  upon 
the  trachea  by  tumors  of  the  adja- 
cent lymph-nodes.  Sudden  death 
from  asphyxia  jnay  result  from  per- 
rcG.  »8.-TiBRR(i  1.019  ANr.r>9E0L-9  bbon-  foratJou  into  the  trachea.  Pressure 
upon  the  pulmonary  veins  may  lead 
*""  to  pulmonary  tedema.  The  bronchial 
lymph-notles  are  very  important  as 
distributing  centres  of  infectious  micro-organisms,  and  particularly  as 
31 
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points  of  lodgmeut  of  tubercle  bacilli,  which  have  been  gathered  from 
the  pulmonary  air  spaces  from  the  pharynx  or  elsewhere. ' 

The  Lungs. 

HalformatiotiB. 

One  or  both  lungs  may  be  wanling  or  only  partially,  developed.  Orie  lung  is  aome- 
times  coDVerted  into  a  number  of  saca  fonned  of  dilated  broncbi,  while  the  lung  parea- 
cbyma  is  undeveloped. 

Tbc  lobes  may  be  subdivided  by  deep  fissures,  accessory  lobes  may  be  present,  or 
an  accessory  lung  may  be  present.  An  accessory  lung  in  the  abdominal  cavity  baa  been 
described."  There  may  be  with  absence  of  part  of  the  wall  of  ihe  thorax  hernia  of  the 
lung.  There  may  be  transposition  of  the  lungs,  with  similar  changes  in  the  position  of 
the  heart  and  the  abdominal  viscera. 


INJUBIE8— PEKF0RATI0H8. 

Severe  contusions  of  the  thorax  may  produce  rupture  of  the  lungs, 
with  extravasations  of  blood  into  the  pleural  ca^■ities. 

The  luiigs  may  be  wounded  by  a  fractured  rib  and  by  penetrating 
weapons  and  projectiles.  Such  injuries  often  lead  to  bleeding  into  the 
lung  tissue  followed  by  iuflammatory  changes.  The  lungs,  however, 
exhibit  a  considerable  degree  of  tolerance  for  such  injuries. 

Collections  of  pus  in  the  pleural  cavities,  the  mediastinum,  the  liver, 
the  spleen,  the  kidneys,  and  the  peritonal  cavity  may  perforate  the  lungs. 
See  also  Hydropneumothorax. 


DISTIIRBA2T0EB   OF  CIBCULATION. 

—The  lungs  may  he  aiiEemic  in  connection  with  a  general 
ansemia  of  the  hoAy ;  or  from  compression  of  a  part  or  a  whole  organ,  as 
by  pleural  exudates,  tumors,  oi'  new-formed  fibrous  tissue;  from  occlu- 
sions of  blood-vessels  or  in  atrophy  of  these  in  emphysema. 


Hypkr^mia  and  <Edema. 

Hypenemia  may  occur  as  the  result  of  the  inspiration  of  irritating 
gases;  from  the  presence  of  toxic  substances  in  the  blood;  in  early  phases 
of  inflammation,  or  as  the  result  of  such  au  occlusion  of  vessels  in  one 
part  as  causes  its  accnmnlation  in  another. 

On  the  other  hand,  hyperteniia  of  the  lung  is  often  due  either  to  some 

'ConsnltforsummaryoflesionsoE  bronchial  lymph-nodes  jWiii,  Philadelphia  Medical 
Journal,  December  1st.  1900,  bibliography.  See  also  couceming  tuberculosis  reference 
Sorthraj)  and  Botaied,  p.  898,  See  also  slatisllcs  ot  Jlniid,  Pliila.  Path.  Soe.,  March, 
I90S.  rnr  an  excellent  resnme  conireriiljig  normal  and  pathologicul  traclieal  and  bitm- 
chlal  lymph-nodes,  see  JUiirfnii  in  Biiucliard  and  Btissaud's  "Tralte  de  Medecine,"  t. 
vii.,  p.  525;  also  Ziiber  iu  Orancher,  Uomby,  and  jMarfan's  "Traite  des  Maladies  de 
I'Enfance,"  t.  iv..  p.  283, 

*CoiisuU  Vagd,  Virch.  Arch..  Bd,  elv.,  p.  235,  1889,  bibliography. 
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PaXho\ogy—Delafie/d  and  Prudden.  Plate  III. 


Tuberculous  Bronchial  Lymph-Nodes. 
The  nodes  are  enlarged  and  caseous,  with  areas  of  commencing  softening.     An  isolated 
tubercle  in  the  hing  tissue  above  the  enlarged  nodes  indicates  a  local  dispeision  of  the 
tubercle  bacilli.    The  lung  was  hardened  in  alcohol. 
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hindrauce  to  the  exit  of  blood  through  the  pulmonary  veiu,  such  as  mi- 
tral steuosls  or  insaffieieucy,  or  to  eufeeblemeut  of  the  ^■ent^icular  con- 
tractions, as  iu  fatty  degeneration  of  the  heart  muscle  or  interstitial  myo- 
carditis. In  the  last  hours  of  life  the  feeble  action  of  the  heart  disposes 
to  pulmonary  congestion.  The  position  of  the  body  upon  the  back  in 
bed  favors  au  accnmulatiou  of  blood  in  the  posterior  portions  of  the 
lungs — hypogtatie  congestion.  Hyperiemic  Inngs  are  iu  varying  degrees 
darker  and  heavier  than  normal ;  an  unusual  amount  of  blood  flows  from  . 
the  cut  surface.  (Edematous  fluid  is  often  also  present.  Red  blood 
cells  often  pass  through  the  capillary  walls  in  hypercemia  and  these  with 
more  or  less  exfoliated  epithelium  may  be  found  in  the  air  vesicles. 


Fw.  S«7.— Chronic  conoistion  of  thb  Llno.   (brohn  i.mu'rition.) 

Bbawldi!  dilated  capillaries  oT  tbe  walla  ot  thp  air  vfeietea  and  lueinitlDgenoua  pWment  In  Uie  exfoliated 
epllbellal  eeOs  ol  Uie  air  rtslcl«a. 

Chronic  Congestion. — In  prolonged  bypenemia  of  the  lungs,  notably  in 
connection  with  lesions  of  the  mitral  and  aortic  valve,  or  d^enei-ation 
or  dilatation  of  the  left  ventricle,  the  veins  and  capillaries,  especially 
the  capillaries,  become  permanently  distended,  pouched,  and  elongate*;, 
so  that  they  often  stretch  in  loops  into  the  air  spaces  (Fig.  267).  Red 
blood  cells  find  their  way  from  the  contorted  vessels  by  diapedesis  or  small 
btemorrhages  into  the  air  vesicles  or  interstitial  tissue  of  the  lung.  Here 
decomposition  of  the  hseinc^lobin  leaves  brownish  pigment  particles  which 
may  remain  free  or  be  taken  into  cells.  In  the  air  vesicles  the  epithelial 
cells  usually  dewjuamate  in  considemble  numbers,  and  take  up  the 
pigment  iu  varj-ing  amount.  This  pigment  gives  to  the  lungs  a  peculiar 
brownish  pink  or  salmon  color.  The  appcanmce  of  these  lungs  may  be 
modified  by  hiemorrhagic  infarctions,  by  preexisting  emphysema  or 
oedema,  or  by  exudative  inflammation.     Associated  with  these  changes 
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there  is  usually  a  nev'  formatiou  of  fibrous  tissue,  so  that  the  luug  be- 
comes indurated,  leathery,  and  drj',  and  collapses  less  readily  than  nor- 
mal. This  couditiou  is  often  called  broicn  induration  of  the  lung.  This 
formation  of  fibrous  tissue  is  analogous  with  that  which  occui's  in  other 
organs,  such  as  the  kidney  and  liver  in  chronic  congestion.'  Emigration 
of  leucocytes  is  not  infrequently  associated  with  diapedesis  from  the 
dilated  capillaries,  and  these,  with  the  desquamated  epithelium,  may 
accumulate  in  the  air  vesicles. 

Id  oedema  of  the  lungs  the  vesicles  contain  a  clear,  sometimes  foamy, 
fluid,  occasionally  tinged  with  blood,  usually  mixed  with  exfoliated  ves- 
ical epithelium.  The  (edematous  fluid  may  be  present  in  the  bronchi 
and  iu  the  interstitial  tissue  of  the  lungs.  (Edema  is  often  associated 
with  hyperaemia,  and  like  this  may  varj-  iu  difi'erent  parts  of  the  lung. 
On  the  other  hand,  there  may  be  extensive  oedema  without  overfilled 
blood-vessels ;  these  in  excessive  cedema  may  indee<l  be  nearly  empty  and 
compresseil.  OEdema  of  the  lungs  may  occur  in  general  infections  and 
intoxications,  or  in  association  with  local  inflammatory  processes.  Fatal 
oedema  of  the  lungs  may  be  associated  with  fat  embolism. 

The  studies  of  Welch'  show  that  with  diminished  force  exerted  by 
the  left  side  of  the  heart,  the  vigor  of  the  right  remaining  unimpaired, 
cedema  of  the  lungs  may  follow.' 


HAHOBBHAQE  AND  ZNTABCTIOir. 

H^MOBRHAGE. 

Htemorrhages  into  the  luug  tissue  and  air  spaces  of  the  lungs  may 
occur  from  trauma,  from  rupture  of  aneurism,  in  acute  infectious  dis- 
eases and  intoxications,  in  scurvy  and  bffimatophilia,  in  asphyxia  from 
brain  lesions  or  other  conditions,  from  tuberculous  ulcerations  involving 
the  blood-vessels.     Multiple  ecehymoses  may  occur  in  fat  embolism. 

Haemorrhage  is  of  frequent  occnrreuee  in  excessive  hypenemia  of  the 
lungs,  notably  in  connection  with  mitral  stenosis  and  iusufBciency.  Un' 
der  these  conditions  the  extravasation  of  blood  may  take  place  by  diape 
desis  or  by  rhexis.  The  accum illations  of  blood  may  be  single  or  mul- 
tiple, localized  or  diffuse,  dense  and  firm,  or  when  cedema  is  present, 
soft  and  fluid  in  character.  During  the  last,  hours  of  life,  owing  to  eu- 
feeblemeut  of  the  heart,  extravasation  of  blood  may  occur  which  sinks 
to  the  posterior  dependent  portions  of  the  lungs. 

Infarction. 

As  a  result  of  thromtrosia  or  embolism  of  the  pulmonary  artery,  dense 
collections  of  extravaaated  blood  may  form,  called  hcBmorrhagic  infarc- 

■  Wdeh,  Virchow's  Arohiv.  Bd.  Ixxil.,  p.  375. 
'  For  a  Btudy  of  the  disturbances  of  circulation  ii 
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tions.  These  infarctions  are  often  multiple,  usually  circumscribed,  and 
rounded  or  wedge-sbaped,  from  the  size  of  a  walnut  to  that  of  an  orange. 
Tbey  are  of  dark-red  color,  hard  aud  unaeratcd,  with  the  air  spaces 
distended  with  blood,  aud  ai*  often  surrounded  by  a  zone  of  inttamma- 
tory  exudate.  They  may  be  situated  in  any  part  of  the  lungs,  but  are 
most  common  in  the  lower  lobes.  At  the  apices  of  the  infarction,  the  oc- 
cluding thrombus  or  embolus  may  be  discovered.  \Vhen,  as  is  usually 
the  case,  they  are  near  the  snrface  of  the  lungs,  a  circumscribed  inflam- 
mation of  the  pleura  often  occurs. 

Such  infarctions  may  be  followed  by  death;  they  may  become  gan- 
grenous, or  if  the  emboli  or  thrombi  be  not  infectious,  the  blood  may 
become  absoibcd,  and,  especially  in  the  smaller  forms  which  are  more 
often  due  to  emt)olism,  they  may  be  gradually  chauged  into  a  smaller 
mass  of  pigmented  fibrous  tissue. 

A  lai^e  part  of  the  lungs  may  be  involved  in  hfemorrh^e  dne  to 
tlirombosis  of  large  trunks  of  the  pulmonary  artery.  HEemorrhagic  in- 
farctions from  thrombosis  or  embolism  are  most  freqneut  in  lungs  which 
are  the  seat  of  chronic  congestion.  The  most  common  source  of  the  em- 
boli of  the  pulmonary  artery  is  the  right  heart  or  peripheral  thrombi.' 


ATELECTASIS. 

In  atelectasis  the  walls  of  the  air  spaces  lie  together,  either  because 
tliey  are  collapsed  or  compressed,  or  because,  as  in  congenital  atelectasis, 
the  lungs,  or  portions  of  them,  have  not  been  expanded  in  respiration. 

In  foetal  or  congenital  atelectasis  defects  in  the  respiratory  mechanism, 
or  blocking  of  the  air  passages),  may  be  responsible  for  the  nnaerated 
condition  which  may  affect  only  parts  of  a  lung  or  a  whole  oi^an.  The 
atelectatic  portions  of  the  luugs  are  dark  red  in  color  and  of  fleshy  con- 
sistency.' 

Atelectasis  may,  on  the  other  baud,  be  acquired,  either  in  childhood 
or  in  adult  life.  In  young  children  collapse  of  portions  of  the  lung  is 
of  frequent  occurrence,  through  occlusion  of  bronchi  by  inflammatory 
exudate.  The  region  thus  cut  off  is  gradually  deprived  of  air,  so  that 
as  the  blood  continues  to  circulate,  it  is  dark  red  and  firm  in  texture. 
Compre«8ioii  atelcdaitis  may  be  due  to  exudates,  tumors,  etc.,  iu  the  pleu- 
ral cavities.  Under  these  conditions  the  portion  of  Inng  involved  may 
be  iBiler  than  normal  from  the  pressing  out  of  the  blood.  In  adults, 
large  or  small  portions  of  Inng  tissue  may  collapse  from  occlusion  of 
a  bi-onchns  by  exudate  or  stenosis,  by  paralysis  of  the  vagus,  or  in  long- 
contintied  feebleness  of  respinition.  (Edema  may  be  associated  with 
collapse. 

Atelectasis  may  resolve  by  an  early  admissiou  of  air  to  the  collapsed 

'  For  a  fuller  considemtinn  ot  emiiolisni  and  thrombosis  of  the  pulmonary  artery 
consult  Welrti,  In  Allbutfs  "System  of  Medicine,"  vol.  vi..  p.  2fll. 

'  Collapsed  lungit  from  tbcir  red  color  and  fleshy  consistency  are  often  spoken  of  as 
"camifled." 


Digitized  byGoOgIC 


486  THE   HE8PIRATORY   SYSTEM. 

region.  On  the  other  hand,  if  prolonged,  fibrous  tissae  may  form  and 
the  involved  portion  may  be  finally  converted  into  a  cicatricial  mass, 
sometimes  containing  bronchiectatic  cavities. 


EHPHTSEHA. 

Yesicnlar  EmphyBema. — In  forcible  inspiration  or  expiration  through 
obstmction  of  the  air  passages,  in  coughing,  or  in  the  use  of  wind  instru- 
ments, or  with  consolidation  or  compression  of  portions  of  the  lungs,  the 
walls  of  the  air  spaces  of  the  lungs  may  be  more  or  less  distended,  either 
In  circumscribed  regions  or  over  large  areas  of  the  lungs.    This  may  de- 
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Sbowlng  enlargemeDt  ul  Ibe  air  spaces  and  cblnalDgufUieir  walls. 

velop  in  a  short  time,  and  then  the  condition  is  designated  acute  emphy- 
sema. 

If  the  conditions  which  induce  emphysema  be  pereistect,  Jis  in  chronic 
bronchitis  with  difficult  respiration  and  coughing,  atrophy  of  the  walls 
of  the  air  vesicles  and  alveolar  passages  may  take  place — chronic  emphy- 
sema. The  walls  become  thinner  and  are  often  perforated ;  adjacent  air 
spaces  coalesce,  so  that  lai^r  and  smaller  irregular,  thin-walled  cavities 
arc  formed  (Fig.  268).  Destruction  of  the  capillary  network  of  the 
atrophied  walls  occurs,  and  the  lung  may  thus  become  pale  and  aniemic. 
As  a  rule,  the  distention  of  the  air  spaces  is  mast  marked  along  the  an- 
terior mai^ins  of  Hie  lungs,  but  it  may  be  more  general.  Through  the 
atrophy  of  the  elastic  tissue  of  the  lungs,  when  the  lesion  is  general  and 
advanced,  these  orgaus  do  not  collai«ie  when  the  chest  is  opened.  They 
appear  pale,  are  dry  and  soft,  and  pit  on  pressure  by  the  finger. 

The  microscopic  picture  is  that  of  varying  degrees  of  atrophy ;  dea- 
<inamatiou  and  fatty  degeneration  of  the  vesical  epithelium  are  common. 
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As  already  indicated,  eraphyaeniaof  the  lungs  is  often  associated  with 
chronic  bronchitis.  With  this  may  be  more  or  less  hyperplasia  of  the 
interstitial  tissue.  Dilatation  or 
hypertrophy  of  the  wall  of  the 
right  ventricle  is  common. 
Chronic  endarteritis  of  the  pul- 
monary vessels  may  be  associated 
with  emphysema.  There  may 
tie  chronic  venous  congestion  of 
the  abdominal  viscera  aud 
dropsy.  Delafleld  holds  that 
the  more  esseutial  lesion  in  some 
forms  of  emphysema  is  the  de- 
velopment of  new  connective  tis- 
sue with  which  dilatation  of  the 
air  vesicles  and  atrophy  of  tlieir 
walls  are  in  varying  degrees  as- 
sociated. 

In  old  age,  atrophic  processes 
in  the  lungs  may  be  associated 
with  dilatatiou  aud  mei^euce  of 
the  air  spaces.  This  is  called 
senile  emphysema.  Excessive 
emphysema,  apparently  congeni- 
tal, may  be  present  in  young 
children  (see  Fig.  269). 

Interstitial  Emphysema.^ 
Eupture  of  the  walls  of  the  air 
spaces  may  permit  the  escai>e  of 
air  into  the  interstitial  tissue  of 
the  luugs.  Eupture  of  the  pul- 
monary pleura  may  admit  air  — . 
into  the  mediastinum  and  thence 
into  the  tissues  of  the  neck.  Gas 
may  foim  after  death  in  the  in- 
terstitial tissue  of  the  lungs  from  the  presence  of  the  Bacillus  aerogenes 
capsulatus  or  other  putrefactive  bacteria. 

GANQBENE. 

Circumscribed  gangrene  oceui-s  in  tlie  form  of  one  or  more  rounded 
or  irregular  masses  of  variable  size.  The  gangrenous  portion  of  lung  is 
at  first  brown  and  diy.  The  surrounding  lung  tisane  is  congested  or 
(edematous,  or  inliltnitGd  with  blood,  or  inflamed.  If  the  gangrenous 
focus  is  near  the  pleura,  the  latter  will  be  coated  with  fibrin.     Gradually 

'  Fur  It  fulliT  di'Scrii)tioQ  of  tLis  unusual  case  bix'  Sarthrup,  Am.  Jour.  Mi'd.  Sci., 
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the  gangrenons  portiou  of  lung  assumes  a  dii-ty  green  color  and  a  pntrid 
odor.  It  becomes  soft,  disintegrated,  aiid  separated  from  the  surround- 
ing lung.  The  blood-vessels  may  be  obliterated  by  thrombi,  or  eroded, 
so  that  there  aie  profuse  hteraorrhages. 

Such  a  gangrenous  process  may  extend  to  the  adjacent  lung  tissue,  or 
a  zone  of  gray  or  red  hepatization  or  of  connective  tissue  may  be  formed. 
The  fluid  from  the  gangrenous  luug  may  pass  into  the  broiichi  and  be 
expectorated;  or  it  may  run  from  one  bronchus  into  another  and  incite 
new  gangrenous  foci  or  difTuse  gangrene.  The  pulmonary  pleura  may  be 
perforated  and  a  gangrenous  pleurisy  produced.  Gangrene  may  follow 
lobar  or  broucho-pneumouia,  especially  such  phases  of  the  latter  as  result 
from  the  inspiration  of  foreign  material  contaiuiug  micro-organisms  from 
the  month ;  it  may  arise  from  infectious  emboli  in  the  lungs,  or  by  au 
extension  of  a  gangrenous  process  from  an  adjacent  part  It  may  be  as- 
sociated with  tesophageal  diverticula, ' 

Diffuse  gangrene  may  follow  the  circumscribed  form ;  it  may  compli- 
cate lobar  pneumonia  or  occur  as  an  independent  condition.  A  large 
part  of  a  lobe  or  of  an  entire  lung  becomes  greenish,  putrid,  and  soft, 
and  the  pulmonary  pleura  is  inflamed.  There  may  be  htemorrhages  from 
eroded  vessels.     There  may  be  general  septictemia. 

Various  forms  of  bacteria  nmy  be  present  in  gangrenous  areas  of  the 
lungs.  Among  the  more  common  are  Streptococcus  pyogenes,  Staphy- 
ioeoecus  pyogenes,  pneumococcus,  and  various  saprophytic  micro-organ- 


UraXAMMATIOW.   (Faeuinoiiia,  Fnetunotiiti*.) 
General  Conaideration*. 

Before  commencing  Ihe  study  of  iiiflamnutiuu  of  tbe  lungs  it  is  well  to  recall  some 
of  tboai'  featuree  of  structure  and  functiuu  which  influence  the  local  man  i  festal  ions  of 
disease  in  these  organs  and  largely  determine  tile  special  character  of  its  lesions.  In 
the  lirst  place,  the  lungs,  like  the  gastro-intestiual  canal,  wliile  iu  a  topographic  sense 
within  the  body,  are  still  In  open  communication  with  ilie  exterior,  and  are  thus  in''— 
directly  e.vposed  to  various  deleterious  agencies  tban  are  those  structures  and  organs 
wholly  enclosed  by  living  tissues.  Notwithstanding  this  vidnerability  of  location.  tUe 
recesses  of  tbe  lungs  are  guarded  by  protective  mechanisms  of  great  eflicicncy.  Thus 
in  normal  respiration  the  air,  which  often  bears  as  dust  many  organic  and  inorganic 
substances  as  well  as  minute  living  organisms,  is  largely  cleansed  by  its  repeated  im- 
pingement upon  the  moist  mucous  surfaces  of  tbe  nose,  pharynx,  larynx,  and  broncbi. 
Tbe  ciliated  cells  of  these  membranes  are  constantly  sweeping  upward  such  of  these 
particles  as  have  lodged  upon  them,  while  by  tbe  lymph  channels  and  the  lymph  nodes 
foreign  substances  whicii  have  escaped  the  barriers  are  eilber  removed  or  stored  in  the 
least  harmful  situations.  Damage  to  the  integrity  or  efUciency  of  tbese  protective 
agcueies  is  a  feictor  in  the  origin  of  pulmonary  diseases  too  often  ignored. 

The  responses  of  the  lung  tissues  to  the  excitants  of  luflammalion  are  not  fiinda- 
nienlolly  as  distinct  nor  as  variable  as  the  common  classifications  of  pneumonia  would 
seem  to  indicate.  Exudation  from  the  smaller  blood  vessi.ls  is  one  of  tbe  most  ci 
features  of  the  acute  phases  of  pulmonary  inflammation 


Digitized  byGoOgIC 


THE   KESPIEATORY   SYSTEM.  489 

Tlie  fonimtion  of  exudates  is  favornl  by  tbc  extensive  eapillary  network  which  Is 
almost  directly  exposed  to  siicli  deleterious  ageDta  as  may  gain  accesa  to  tlie  air  spaces : 
wbilu  a  great  acctimulation  of  exudates  is  possible  owiog  to  tlie  spongy  structure  of 
tlie  orgaos. 

Tlie  transitioDal  character  of  the  epitlielium  liuing  tlie  air  vesicles  predisposes  to 
cell  proliferation  and  exfoliation,  aod  thus  to  the  formation  of  exudate. 

On  the  otber  hand,  the  abundant  blood  and  lymph  channels'  favor  tlic  ppeedy  re- 
moval from  the  air  spaces  in  the  lungs  of  large  quantities  of  exudate. 

While  tlie  abundant  lymphatics  of  the  lungs  aid  in  llie  rapid  disposal  of  exudates. 
they,  on  the  other  hand,  favor  the  absorption  of  toxic  substances  into  the  body  at  large 
when  bacteria,  for  example,  are  the  excitants  of  the  local  inflammation.'  So  that  al- 
though exudative  pneumonia  is  commonly  considered  a  local  disease,  it  is  often  rather  a 
local  expression  of  a  general  infection  or  is  doubly  significant  on  account  of  '.lie  asso- 
cialcd  toxffiraia. 

In  addition  to  the  development  and  aecumulalion  of  exudates,  necroses  and  the 
formation  of  fibrous  tissue  are  the  most  notewortliy  general  pathological  processes  is 
the  lungs. 

While  the  conspicuous  differences  in  tlie  various  forms  of  pneumonia  are  largely 
due  Ui  differences  in  the  nature,  virulence,  and  distribution  of  their  excitants,  predis- 
posing factors  dependent  upon  age,  constitutional  condition,  and  the  protective  mechan- 
ism of  the  lungs  are  of  great  significance. 

Tlie  common  classlflcalions  are  baseil  partly  upon  etiology,  partly  upon  morphol- 
ogy, and  the  names  used  suggest  now  the  topography  of  the  lesions  or  the  character  ot 
the  tissue  which  is  especially  affected,  and  again  the  species  of  the  bacterial  excitant. 
Thus  the  term  lobar  pneumonia  is  topographical ;  tuberculous  pneumonia  emphasizes 
the  excitant;  while  interstitial  pneumonia  suggests  the  form  of  tissue  involved. 

Acute  Lobar  Pneumonia.     (^Fibrinous   Pneumonia— Croupous 
Pneumonia.)  _ 

This  is  au  infectious  disease  iutited  by  the  Micrococcus  lauceolatua 
(pneumocoeeus  of  Fraeiikel).'  It  is  especially  characterized  by  an  exu- 
dative iiiflaniinution  iii  which  red  and  white  blood  ceWa,  serum,  aud  fibriu 
accumulate  iu  the  air  spaces  of  the  tuiigs,  usually  involving,  especially  in 
adults,  the  whole  of  one  lobe  or  lung  or  portions  of  both  Inogs.'  Toxse- 
mia  from  the  absorptioti  of  poisons  formed  locally  in  the  Iiiugs  is  au 
important  and  often  most  significant  factor  iu  the  disea.se.  The  pneumo- 
coeeus is  occasionally  widely  disseminated  in  the  bl(K>d. 

During  the  first  hours  of  the  inflammation  the  capillaries  of  the  air 
spaces  are  congested,  the  lung  is  (edematous,  firmer  than  normal,  but  not 
markedly  consolidated.  The  air  spaces  coutaiu  varying  numbers  of  leu- 
cocytes,  red  blood  cells,  serum,  and  fibrin  (Fig.  270),     The  epithelial 

■  See  .ViUer.  Arch.  f.  Amat.  und  Physiologic.  Anat.  Abth.,  1900,  p.  197.  blbli- 
ograpliy. 

'Note  by  Coi/neilni'in,  "The  Lobule  of  the  Lung  and  its  Relation  lo  the  Lym- 
phatics," Boston  Jour.  Sled.  Sciences,  vol,  iv,,  p,  105,  1900. 

^  We  shall  use  here  as  synonymous  the  names  Micrococcus  lanccolatus  and  pneumo- 
coeeus ;  when  pneumocticciis  is  used  the  pneumocoeeus  of  Fraenkel  is  referred  to.  For 
a  description  of  this  organism  see  p.  191. 

•Tlie  clinical  course  and  the  morphological  charaetera  of  the  inflammation  of  the 
lungs  associated  with  tlie  Micrococcus  lanceolutus  are  so  typical  that  we  seem  justified 
in  limiting  the  term  lobar  or  fibrinous  pneumonia  (o  this  condition,  even  tliougli  inflam- 
mations of  the  lungs  due  to  otber  excitants  are  occasionally  lobar  in  extent  and  may 
have  a  fibrinous  exudate,  and  though  exceptionally  the  pneumocoeeus  inflammation 
itself  fails  to  reach  lobar  proportions. 
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cells  lining  the  air  vesicles  may  bo  swollen,  they  sometimes  proliferate, 
and  are  asually  detached  in  considerable  numbers.     Catarrhal  bronchitis 

and  pleuritis  may  at 
this  time  develop. 
This  is  called  the 
stage  of  "  conges- 
tion" or  "engorge- 
ment" and  may  last 
for  a  few  hours  or 
for  several  days. 

As    the    process 
continues  red  blood 
cells,  but  especially 
polymorphonuclear 
leucocytes,     and 
fibrin  accumulate  in 
the  air   spaces   and 
smaller  bronchi,  so 
that  the  portion  of 
lung     involved    be- 
comes solid  and  fri- 
able,   somewhat   re- 
sembling   the    liver 
in  color  and  consistency;  hence  the  term  "red  hepatization"  which  has 
been  used  to  indicate  this  condition.     The  cut  surface  of  the  consoli- 
dated portion  is  dry  and  coarsely  granular,  the  granules  being  plugs  or 
casts  of  exudate  in  the  air  spaces.     A  light  scraping  of  the  cut  sur- 


Fio.  ero.— ACCTS  Lobar  PNictrMONU—EAHLT  St*ok. 
This  slDKle  ftir  veslclfl  iliows  congBiUon  ot  Ihe  nplllHria  la  1 
and  B  smBlL  amount  i>[  exudates,  flbrln,  leucocytes,  red  Mood  ctUi 
IoUat«d  epltbetlum. 


Fig.  ?ri.— ACl-TE  LOBAB   PtiXLHOMA-STiaS  0»   "KM  AND  QRiV   HEPAIIZATCO.f." 

VGslclei  are  tlUoi  wflti  exudate  consMlnn  lann-Iy  nl  leucocytes,  flbrla.  and  serum  w 


face  of  the  lung  with  the  knife  readily  removes  these  granides  or  plugs 
of  exudate,  which  consist  largely  of  fibrin  and  leucocytes  with  red  blood 
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cells  and  exfoliated  epithelium  (Fig.  271).  The  relative  amount  of 
leucocytes,  red  blood  cells,  and  fibrin  in  the  air  spaces  varies  greatly, 
sometimes  one,  sometimes  the  other,  preponderating  (Fig,  272).  The 
fibrin  fibrils  often  coalesce  or  svell,  forming  homogeneous,  irregular 
masses.  On  staining,  lai^e  numbers  of  pneumococci  may  be  found  min- 
gled with  the  other  elements.     While  the  general  appearance  of  the  lung 


in  this  stage  is  red,  it  is  often  mottled  with  gray  and  frequently  is  not 
uniformly  solid.  Although  the  capillary  blood-vessels  are  compressed, 
they  for  the  most  part  remain  pervious;  but  thrombosis  is  not  infre- 
quent. Fibrinous  plenritis  is  commonly  present  and  the  interstitial  tis- 
sue of  the  lung,  while  usually  free  from  exudate,  may  be  oedematous  and 
■  contain  a  few  leucocytes  and  some  fibrin. 

The  quantity  of  exudate  in  the  lung  is  often  very  large,  Hodenpyl 
has  found  it  sometimes  to  be  from  three  to  four  or  even  six  pounds  in 
weight. 

In  the  usual  course  of  events  the  red  blood  cells  now  lose  their  htemo- 
globin,  the  exudate  begins  to  soften,  and  the  lung  assumes  a  grayish 
color — gray  hepatization  or  commencing  remlvfion.  The  leucocytes  and 
exfoliated  epithelium  undergo  granular  and  fatty  degeneration '  or  necro- 
sis, and  these  with  thefibriu  soften  and  disintegrate  (Fig.  27.H).     The  cnt 

'  Sec  un  fatty  degeueration  of  pneumouic  exudates.  Chrittian.  Jour,  &[ed.  Re- 
search, vol.  \.,  p.  109,  bibliograpliy. 
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snrfjice  of  the  luug  is  now  moister,  less  grauiilar,  aod  is  often  covered 

with  a  grumoHs  fluid.     lu  view  of  the  new  studies  oq  cytolysis  it  seems 

probable  that  here  as  in  the  removal  of  alien  and  dead  organic  material 

elsewhere  in  the  body  the  exudate  is  softened  and  rendered  capable  of 

solution  by  an  exaggeration  of  the 

normal  autolytic  processes  (see  page 

187).'      The  softened  exudate    is 

gradually  absorbed  or   may  he  in 

part  expectorated.     The   involved 

portion  of  lung  again  contains  air; 

the  epithelium  of  the  air  spaces  is 

regenerated. 

While  it  is  customary  and  con- 
venient to  describe  definite  stages 
of  lobar  inflammation  of  the  lung — 
red  and  gray  hepatization  and  res- 
Fio.  OT.-ExiD*TiL  FROH  THi  Luso  ,x  BBOLv-     olutlon  —  thcsB   ui   fact    not   only 
merge  gradually   into  each  other, 
"<>     but  often  coexist  in  different  parts 
of  the  lung.    The  process  of  repara- 
tion also  usually  occurs  irregularly, 
so  that  a  lung  in  resolution  may  show  side  by  side  in  neighboring  air 
spaces  well-formed  cellular  and  fibrinous  exudate,  degenerated  exudate, 
and  various  phases  of  epithelial  cell  repair.' 

AsBOciated  Leaions  in  Other  Organs. '—Fibrinous  or  serofibrinous  pleu- 
ritis,  usually  with  slight  but  often  with  voluminous  exudate,  commonly 
accompanies  lobar  pneumoniii.  Catarrhal  and  fibrinous  bronchitis  isalso 
usually  associated  with  the  pneumonic  process.  Pericarditis  and  endo- 
carditis are  not  infrequent  complications;  meningitisoccasionally  occurs. 
The  excitant  of  these  complications  is  usually  the  pneumococcus. ' 

Chromatolysis  of  the  ganglion  cells,  albuminous  degeneration  in  the 
kidney,  liver,  and  heart,  hyperplasia  of  the  bronchial  IjTnph -nodes,  to- 
gether with  leucocytosis,  fever,  and  frequent  serious  eufeeblement  of  the 
heart  action  are  marks  of  toxieuiia.  The  bronchial  lymph-nodes  may 
contain,  especially  in  the  perifollicular  sinuses,  and  often  wilhin  phago- 
cytcf,  red  blood  cells,  cell  detritus,  and  pneiimococci  brought  from  the 
lungs;  fibrin  is  frequently  also  present. 

In  lobar  pneumonia  in  young  children,  in  tliose  enfeebled  by  acute 

and  chronic  disease,  and  in  the  aged,  the  lungs  are  often  less  uniformly 

'  For  a  Bliiciy  of  the  clicmistry  of  resolution  of  tlie  exuilati'  see  Simon.  Dent.  Arch. 

f.  kl.  Mwl.,  B(I.  Ixx.,  laOl.  p.  601.     Si!0  also  references  to  studies  on  autolysis,  Jaeobj/, 

Cbl.  f.  Path.,  IW.  xiii.,  1B09,  p.  S. 

'For  aslQiiyof  tlie  hlstoloRy  of  acute  lobar  piieiimonia  witli  bibliograpliv  see  Prntl, 
Contr.  to  Welch  Aoniversary  Volume,  1900,  p.  365,  «ud  Johns  Hopkins  Hosjihui  Re- 
poris,  vol.  ix. 

•See  for  resume  of  statistics  of  com plicat Ions,  Kerr,  Trans.  Cliicago  Patli.  Soc., 
Hay  and  June,  1903,  p.  274.  Also  for  an  analysis  of  four  hundred  and  eighty -six  cases 
McCntf.  Fyfdie,  and  AinUy,  Am.  Med..  January  38<i.  liHM. 

*For  a  study  of  blood  cultures  in  pucumonia  see  liotenoK,  Jour,  of  Infectious  Dis- 
eases, vol.  i.,  1904,  p.  380,  bibliography. 
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consolidated  and  )es8  dense  and  liard  than  in  vigorous  adults.  'Wlien 
lobar  pneimionia  occurs  Jii  hings  already  the  seat  of  chronic  lesions,  such 
as  chronic  congestiou,  einphj'sema,  interstitial  pnennioiiia,  or  tuberculo- 
sis, the  gross  appearances  of  the  organs  may  differ  in  various  ways  from 
tliose  of  uucomplicated  pneumonia. 
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While  Micrococcus  lanceolatus  is  the  regular  excitant  of  lobar  pneu- 
monia, other  bacteria — see  below — are  not  infrequently  associated  with 
it,  sometimes  though  by  no  means  always  leading  to  cliuical  complica- 
tions and  to  modifications  of  the  appearance  of  the  lesion.  Predisposi- 
tion of  the  individual  is  an  uncommonly  conspicuous  and  important  fac- 
tor in  the  etiology  of  this  as  other  forms  of  pneumonia,  so  that,  as  is  well 
known,  exposure,  fatigue,  etc.,  may  induce  the  fa\'oring  bodily  condi- 
tions under  which  the  pneumococcus  t)ecoines  harmful.  The  experiments 
upon  animals  are  most  conclusive  in  demoustratiiig  that  intrapulmonary 
injections  of  pneumococcus  eulture,s,  which  may  be  entirely  without  ob- 
vious effects  in  a  healthy  animal,  may  induce  exudative  inflammation  or 
.  become  quickly  fatal  after  such  exposure  to  cold  or  fatigue  or  injury  or 
to  the  action  of  drugs,  as  interferes  with  the  integrity  of  the  blood  or 
locally  damages  the  pulmonarj'  tissues.' 

Delayed  Keaolution  after  Lobar  Fnenmonia  ("  Orgranizing  Fnenmania"), 
— Instead  of  undergoing  resolution,  the  flbriuous  and  cellular  exudate  in 
the  air  spaces  in  lobar  pneumonia  may  persist  and  by  a  process  similar 
to  that  which  is  called  organization  of  a  thrombus  (page  74)  may  be 
gradually  replaced  by  new  vascular  fibrous  tissue.  New  connective- tis- 
sue cells  grow  out  from  the  walls  of  the  air  spaces  into  the  exudate ;  these 
cells  become  elongated.  Intercellular  fibrils  develop,  and  long  masses 
or  bauds  of  this  new  tissue,  often  containing  blood-vessels,  may  extend 
for  considerable  distances  through  the  air  channels  of  the  lung  (Fig, 
274).  These  may  gradually  coalesce  with  the  walls,  and  together  with 
an  interstitial  connective-tissue  growth  may  lead  to  a  fibrous  consolida- 
tion of  the  lung, 

'  For  reference  to  experimental  excitation  of  pneumoDia  see  p.  498.,  . 
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Delafield  describee  such  an  intra-alveolar  formatiOD  of  oonnective  tis- 
sue leadiog  to  fibrons  induration  of  lobes  of  the  lung  and  occurring  as  an 
independent  lesion  apart  from  the  exudative  form  of  lobar  pneumonia. 


CONCUEBENT    INFECTION   AND   SUTPUHATIVB   INFLAMMATION    OF    THE 

LuNo  Following  Lobab  Pneumonia. 

Although  as  stated  above  Micrococcus  laneeolatus  usually  occurs  alone 
in  typical  lobttr  pneumonia,  it  may  be  accompanied  by  the  Streptococcus 
and  Staphylococcus  pyogenes  and  occasionally  by  other  micro-organisms. 
The  exact  significance  of  these  mixed  or  concuri-ent  infections  in  lobar 
pneumonia  is  not  always  clear.  But  instead  of  the  usual  resolution  there 
may  be  gangrene ;  or  suppuration  of  the  interstitial  lung  tissue  ^ith  the 
formation  of  abscess  may  occur.  In  such  cases  Streptococcus  pyogenes 
and  Staphylococcus  pyogenes  aureus  or  putrefactive  bacteria  may  be 
present  with  the  pneimiococcus  in  the  exudate. . 

Suppumti^-e  inflammation  of  the  interstitial  tissue  of  the  lungs  may 
involve  not  only  the  larger  fibrous-tissue  bands  but  the  walls  of  the  air 
vesicles  and  other  air  spaces.  It  is  often  called  "purulent  infiltration." 
From  the  cnt  surface  of  the  lungs  in  resolving  lobar  pneumonia,  a  gru- 
mous  fluid  resembling  pus  often  exudes,  and  this  is  sometimes  mistaken 
for  a  mark  of  interstitial  suppuration  of  the  lung. 

Suppurative  indammatiou  of  the  interstitial  tissue  of  the  lung  may 
occur  without  association  with  lobar  pneumonia. 

Lobulae  Pneumonia  and  Beoncho-Pneumonia. 

In  distinction  from  that  common  form  of  pulmonary  inflammatioD 
induced  by  the  Micrococcus  lanceolatns,  which  as  we  have  seen  is  usu- 
ally lobar  in  character,  there  are  exudative  intlamiuatioos  of  the  lungs, 
due  to  many  different  excitants,  which  are  "patchy"  or  "lobular"  in 
extent,  the  consolidated  areas  varying  in  size  from  such  as  are  scarcely 
visible  to  those  several  centimetres  in  diameter.'  These  patches  of  lobu- 
lar consolidation  often  join  and  merge,  so  that  solidification  of  whole 
lobes  or  lungs  is  not  uncommon.  But  the  mottled,  uneven  surface  and 
color  of  the  lungs  on  section,  and  the  usual  ab.scuce  of  the  peculiar  granu- 
lation, ordinarily  suffice  for  the  distinction  even  to  the  naked  eye  of  the 
lobar  from  the  coalescent  lobular  fonns  of  exudative  pneumonia. 

It  is  convenient  to  recognize  several  types  of  lobular  exudative  pneu- 
monia, although  the  character  of  the  exudate  is  not  distinctive. 
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Bron  cho-Pikeumonla.- 

This  most  important  type  of  lobular  pnenraonia  frequently  develops 
in  connection  with  and  as  an  extension  of  that  form  of  inflammation  of 
the  smaller  bronchi  commonly  called  "capillary  bronchitis,"  At  first 
dark  red  in  color,  the  lobular  areas  of  consolidation  iu  broncho-pneu- 
monia become  more  gray  at  the  centre  through  degeneration  of  the  ex- 
udate, while  the  advance  of  the  process  iu  the  periphery  is  marked  by 
a  less  solid,  redder  zone.  On  sectiou  of  the  fresh  lung  these  areas  {Fig. 
275)  usually  project  somewhat  above  the  general  surface  and  at  their  cen- 


Fla.  275.— BRONcHO-PNimONiA  in  an  ADI'LT. 

19  ailed  nltb  exiMl*le-«talneil  dart  In  the 
L  naa  made. 

trea  the  involved  bronchi  may  appear  as  lighter  spots,  from  which  pus 
may  exude  or  be  eiisily  pre.ssed  out.  Such  areas  may  coalesce,  forming 
larger  consolidations.  The  exudate  which  more  or  less  completely  fills 
the  air  spaces  (Fig.  276)  consists  of  serum,  old  and  new-formed  epithe- 
lial cells  from  the  walls  of  the  air  spaces,  red  blood  cells,  and  often  fibrin 
and  polymorphonuclear  leucocytes  (Fig.  277)  with  various  forms  of 
micro-organisms.  As  a  rule,  however,  fibrin  and  leucocytes  are  not  as 
abundant  as  in  the  exudate  of  lobar  pneuinonia.  Mucus  and  bronchial 
epithelium  may  be  aspirated  into  the  air  spaces  and  mingled  with  the 
exudates. 

Broncho -pneumonia  involves  a  diiect  extension  of  the  inflammatory 
process  from  the  bronchi  to  the  contiguous  lung  tissue,  so  that  there  is 
both  an  interstitial  and  exudative  pneumonia  about  the  bronchial  tubes, 
the  whole  foriping  the  lobular  areas  of  consolidation  (Fig.  278).     This 
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involvement  of  the  bronchial  wall  in  inflammation  with  a  direct  exten- 
sion of  the  process  to  the  surrounding  lung  tissue  has  been  urged  espe- 


Fia.  iiTe.— BKONCHO-PNICHOMl  IN 
nia  HCtlon  atwwg 

cially  by  Delafield  as  the  process  to  which  the  term  bronchopneamonia 
should  bejwr  exceUaice  applied. 

Between  the  consolidated  areas  there  may  be  atelectasis  of  lung  tissue 
from  the  occlusion  of  the  smaller  bronchi  with  exudate.  \Vhen  the  con- 
solidated areas  are  situated  at  the  surface  of  the  lungs,  fibrinous  pleuri- 
tis  may  be  present  over  the  affected  regions. 

This  form  of  broncho- pneumonia  is  frequent  in  children,  sometimes 
86  an  independent  process,  but  often  associated  with  or  following  diph- 
theria, scarlatina,  measles,  etc.  It  oc- 
curs also  in  adults,  either  as  a  compli- 
cation of  infectious  diseases  such  as 
typhoid  fever,  smallpox,  influenza,  etc., 
or  as  a  primary  process.  It  may  occur 
in  the  aged  or  those  enfeebled  by  chronic 


Besolution   may  take   place   in   the 
areas  of   broncho -pneumonia  by  proc- 
esses of  cell   degeneration  and  absorp- 
tion identical  with  those  through  which 
restoration  is  secured  in  lobar  pneumo- 
nia.    If,  however,  resolution  in  broncho- 
fto.!77.-B^RoscR^ra«r«^tA-Ext..*T«     p„eumouia  do  not  presently  take  place 
and  the  lesion  i>ersist,  dense  connective 
tissue  is  apt  to  form  about  the  bronchi  and  in  the  interstitial  tissue  of 
the  lungs,  which  may  lead  to  indunvtion  and  distortion  of  the  organs, 
atelectasis,  chronic  bronchitis  with  dilatation  of  the  brojichi,  etc     A 
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photograph  of  a  section  of  such  a  chrODic  or  "persistent"  oruucho- 
pneumonia  ia  reproduced  in  Fig.  279. 

Other  Pomu  of  Lobnlar  and  Broncho-Pneumonia, — There  are  forms  or 
types  of  lobular  pneumonia  in  which  serum  and  epithelial  cells  with 
more  or  less  fibrin  and  leucocytes  collect  in  the  air  spaces  of  a  limited 
regiou  without  primary  bronchitis  and  without  involvement  of  the  walls 
of  the  bronchi  and  air  spaces. 

In  one  type  of  lobular  pneumonia  and  broncho-pueumonia  the  exu- 
date may  consist  largely  of  pus  cells  which  infiltrate  the  walls  of  the  air 
spaces  and  bronchi  as  well  as  fill  the  air  spaces  theniselves.  This  type 
of  infianimation  may  be  induced  by  the  aspiration  iu  feeble  persons  of 
irritating  substances  or  bacteria-containing  material  of  various  kinds, 


SbowlnK  sdgbt ctaDQfru la  tbe epllhelum  of  (he  broacbug;  ■  purulent  enudaw  ia  tbe lumen:  IblckeDlUK  of 
Ibe  wall  o[  Uie  smslJ  broacbus.  uid  exudole  Id  Ibe  adjacent  air  vesli'les. 

particles  of  food,  saliva,  etc.  This  is  called  aspiration  pneumonia  and 
may  result  in  necrotic  or  gangrenous  processes  in  the  in\'olved  regions 
of  the  bronchi  and  lungs.  Again  there  may  be  circumscribed  areas  of 
exudative  pneumonia,  often  snppurative  in  type  and  involving  the  walls 
of  the  air  spaces,  which  originate  through  the  transportation  by  the 
blood-vessels  of  various  forms  of  bacteria,  especially  the  Streptococcus 
and  Staphylococcus  pyogenes,  as  in  pyaemia;  this  is  called  lobular  pneu- 
monia of  htemaloffenom  origin,  or  pytemic  pneumonia.  Thus  abscesses  of  the 
lungs  may  be  formed. 

In  the  lobular  pneumonia  of  bubonic  plague  the  exudate  is  said  to 
contain  few  leucocytes  and  epithelial  cells  and  to  consist  lai^ly  of  blood 
and  plagne  bacilli,' 

In  the  aged  or  those  long  in  bed  in  an  enfeebled  condition,  hyperse- 
■  Cousult  FkJ^iier,  Trans.  Absu.  Ani.  Phys,,  toI.  xvi..  1901 
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mia  and  oedema  with  more  or  )ess  exudate,  usually  epithelial  in  charac- 
ter, may  develop  in  the  dependeut  posterior  portions  of  the  luDgs — hy- 
postatic congestion  aud  hypostatic  pneumonia. 

There  is  a  peculiar  and  rare  form  of  broiicbo-piieumonia  associated 
with  uecrosis  iu  which  forms  of  streptothrix  ha^e  been  isolated  which 
are  nndoubtedly  the  excitants  of  the  disease,'  Actinomyces  is  also  an 
occasional  excitant  of  broncho- pneumonia. 

In  all  these  forms  of  lobular  pneumonia  cedema  and  atelectasis  of 
nuiuvolved  portions  of  the  lung  may  occur. 

It  isevident  that  iu  lobular  pneumonia  the  infectious  agent  may  reach 
the  lungs  either  through  the  air  passives  or  through  the  blood  or  lymph 


Fio.  sm— Persistent -Caito 

vessels,  and  that  diffei-ences  in  the  portals  of  entry  as  well  as  in  the 
nature  and  virulence  of  the  excitant  and  the  susceptibility  of  the  indi- 
vidual have  an  important  bearing  both  upon  the  course  of  the  disease 
and  the  morphology  of  the  lesion. 

The  Excitants  of  Lobular  and  Broncho-Pneumonia. — The 
excitants  of  broncho-pneumonia  and  other  types  of  lobular  pneumonia 
are  most  frequently  Streptococcus  pyogenes  (Fig.  251),  the  pncomo- 
coccus,  Staphylococcus  pyogenes,  the  typhoid,  diphtheria,  influenza,  and 
plague  bacilli,    the   pneumobacillus   of  Friedliinder;    the   streptothrix 

p.  l-W,  1  BOO,  bibliography. 
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above  mentioned,  anil  other  bacteria  have  been  occasionally  found.' 
Pathf^Dic  mouldtj  may  be  excitaDts  of  acute  forms  of  lobular  pulmouary 
inflammation. 

It  will  thus  be  seen  that  while  it  is  convenient  to  group  the  exudative 
forms  of  pulmonary  intlammation  ou  the  t>asis  of  distinctions  which  are 
in  part  morphological,  in  part  etiological,  the  types  in  fact  frequently 
merge  or  concur.  This  should  not  lead  to  confusion  if  we  rcmemt>er 
that  these  are  infectious  diseases  whose  most  conspicuous  lesion  is  located 
ill  tbe  lungs,  and  that  tbey  aie  not  species  in  the  natural  history  sense, 
for  which  fixed  and  definite  characters  must  be  established,  but  that  the 
groups  only  indicate  various  forms  and  phases  of  response  of  a  living 
orgau  in  various  conditions  of  susceptibility  to  the  damage  inflicted  by 
one  or  another,  and  not  infrequently  by  two  or  more  combined  forms  of 


R  Vesicle  in  BiiONCHD-PNEruoNiA  wnH  Stmeptococci. 

D,  leucoo^is.  uid  a  little  flbrlD  trlth  the  gU«ptMoacl  tonn 
tbe  scaDtr  eiudale. 

micro-organisms.  These  pneumonias  are  not  considered  among  the  infec- 
tions diseases  where  they  logically  belong,  partly  liecause  there  are  prac- 
tical ad^aiit^es  in  grouping  pulmonary  lesions  together  and  partly  be- 
cause our  knowledge  of  the  relative  frequency  and  significance  of  the 
bacterial  excitants  of  the  various  types  is  still  in  many  cases  too  incom- 
plete to  permit  the  establishment  of  a  distinctive  and  clearly  defined 
form  of  infection.' 

'  For  B  study  of  tlie  bacteriology  of  lobular  pneumonia,  especially  iu  adults,  see 
Bbnnfi;  Albany  Med.  Annals,  vol.  x.\li.,  August,  1901. 

'  For  H  rusumu  of  earlier  attt'mptH  to  induce  experimetital  pneiinionin  iu  ftniraala, 
consult  Aiifrefht  fn  Nothnagel's  "Spcciclle  Fatliologic  u.  Tlierapie,"B<l.  liv.,  Tli.  2,  p. 
86,  bibliography,  p.  221. 

For  a  study  of  lucteria  in  the  lungs  and  their  Tclationship  to  pncunioaia,  consult 
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Interstitial  Pneumonia. 


This  name  is  given  to  a  chronic  productive  inflammatiOD,  which  in- 
volves the  coBnective-tissue  framework  of  the  lung  and  the  walls  of  the 
air  spaces,  and  results  in  the  formation  of  new  connective  tissne  and  the 
obliteration  of  the  air  spaces  (Fig,  252). 

Such  an  interstitial  pneumonia  may  follow  acute  lobar  pneumonia 
with  the  production  of  new  intra-alveolar  connective  tissue,  broncho- 
pneumonia, chronic  pleurisy,  chronic  bronchitis,  and  atelectasis,  or  may 
be  induced  by  the  inhalation  of  the  dust  of  coal,  stone,  or  other  inor- 
ganic substances.     Diffuse  interstitial  pneumonia  may  occur  in  syphilis. 

The  topography  of  the  lesion  varies  considerably  in  the  different  con- 
ditions under  which  the  new  tissue  growth  occurs.     If  it  follow  acute 


F[a.  281.— CriRO.Nic  Intkhstitial  Pneuhonja. 

lobar  pneumonia,  one  lobe  or  the  whole  of  one  lung  may  be  involved  and 
covered  with  pleuritic  adhesions.  The  lobe  or  the  lung  is  small,  smooth 
on  section,  and  firm  in  texture.  The  air  spaces  and  small  bronchi  may 
be  largely  obliterated  by  the  new  connective  tissue.  If  it  follow  broncho- 
pneumonia, one  or  more  lobes  are  studded  with  fibrous  nodules,  which 
correspond  to  the  affected  bronchi  and  the  associated  lung  territory ;  or 
Rlipatan.  Zcits.  f.  klin.  Hed.,  Bd.  xxxiv..  p.  191,  1898:  also  with  special  reference  to 
cbildreu,  seu  Diirdc.  UeuL  Arch.  f.  klia.  Med-,  lid.  Iviij.,  p.  36».  1887. 

For  a  study  of  bacteria  in  tlie  luuga  of  mao  and  lower  animals,  see  Beco,  Arch,  de 
Hed.  expfrimeotaie,  etc.,  t.  xl..  p.  SIS,  1699,  and  I.  xiii.,  p.  651,  1001. 

For  a  study  of  cxpcrimeutal  cooling  of  tlie  body  wliicli  may  induce  changes  in  the 
blood,  prt^iaposing  to  infection  with  the  pneiiniococcus,  see  Reineboih  and  AoAlhardt, 
Deut.  Arch.  f.  klin.  Med.,  Bd.  Ixv.,  p.  182.  1900. 

For  a  study  of  the  effects  of  cooling  iu  general  as  a  predispouent  to  infection,  Bee 
I.odc,  Arch.  f.  Hygiene.  Bd.  xxvill.,  18B7,  p.  344;  also  Kisskalt,  Jbid.,  Dd.  xxxix..  p. 
143,  1900,  bibliography. 

For  a  study  of  tliu  portals  of  entry  in  long  infection,  willi  special  reference  to  the 
pleura,  see  UToder.  Deulsch.  Arch.  f.  kiln.  Meil.,  Ikl.  Ixviii.,  p.  20«,  1900,  bibliography. 

For  a  recent  comprehensive  rb«uni6  of  bacteria  in  ttie  lung,  of  llie  predisposing  fac- 
tors In  pneumonia,  aud  a  summary  witli  new  studies  of  e.iperimeutal  pueumonia,  see 
Wa4*ieorl/i.  Am,  Jour.  Jled.  Scl.,  vol.  cxxvii..  19W. 

Concerning  circulatory  changes  in  the  lungs  under  various  patljological  conditions, 
see  reference  to  Ester,  p.  W4. 
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a  large  part  of  a  lobe  is  converted  into  dennc  fibrous  tissiie ;  the  pleura 
may  be  thickened;  there  may  be  chronic  bronchitis  and  bronchiectasia. 
If  interstitial  pneumonia  be  associated  with  thickening  of  the  pleura, 
bands  of  connective  tissue  extend  from  the  pleura  into  the  lung,  the 
bronchi  are  inflamed  and  often  dilated.  When  associated  with  ctirouic 
bronchitis  there  are  fibrous  noduies  around  the  bronchi,  with  more  or 
less  diffuse  connective  tissue. 

The  changes  in  interstitial  pneumonia  may  occur  by  a  slow  hyperpla- 
sia of  the  fibrous  tissue  or  by  the  formatiou  of  granulation  tissue  which 


Fia.  JK.—CnROMIC  INTKHETITIAL  PNECHONU.     BtlVinSION  Or  EPITHILiril  IN  ISOUTID  AIR  TmCUO. 

gradually  becomes  denser  with  contraction.  Although  this  process  is 
primary  in  the  interstitial  tissne,  exudates  are  often  present  in  the  air 
spaces;  atelectasis  may  occur,  while  emphysema  and  bronchiectasia  are 


Sometimes  a  noteworthy  change  occnrs  in  the  epithelium  lining  air 
vesicles  which  have  been  cnt  off  from  their  neighbors  by  the  new  fibrous 
tissue.  The  epithelial  cells  increase  in  numl)er,  become  thicker,  and 
finally  the  small  or  distorted  cavities  may  be  lined  with  a  complete  in- 
vestment of  cnboidal  cells  (Fig.  282).  This  reversion  of  tie  epithelium 
of  the  air  vesicles  to  a  less  differentiated  type  occurs  in  many  chronic 
processes  in  the  lungs. 

Pigmentation  of  the  Lnn;. — The  inhalation  of  dust  and  smoke  is  so 
continuous  among  those  who  live  much  indoors  that  the  lungs  of  nearly 


SbowinK  plgmenl  benealb  tbe  thickened  pleura  Hnd  Id  the  thlcltened  aept*  of  the  empbysrmatoug  lung. 

all  persons  from  the  earliest  years  are  more  or  less  pigmented.     The  for- 
eign particles  which  get  into  the  deeper  recesses  of  the  lungs  are  in  part  i 
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takeu  up  by  the  epithelium  of  the  air  spaces,  in  part  are  carried  by  pha- 
gocytes or  otherwise  to  the  interatitial  tissues  of  the  hiiigs  (Fig.  28.'t). 
Here,  either  withiu  cells  or  without,  they  are  deposited  along  and  witbiu 
the  lymph -channels  or  iuthe  lymph-nodules  of  the  pleura  and  interstitial 
tissue,  or  they  may  be  carried  to  the  lymph-nodes  at  the  root  of  the 
luiigs.  Earely,  this  inhaled  dust  parses  the  tracheal  and  bronchial 
lymph-uodes  and  may  be  deposited  in  the  viscera,  especially  in  the  liver 
and  spleen. 

Under  ordinary  conditions  a  considerable  deposit  of  inhaled  pigment 
particles  in  the  lungs  does  not  seem  to  be  of  gi-eat  significance,  though 
there  is  little  doubt  that  it  may  predispose  to  more  serious  lesions.  On 
the  other  hand,  miners  and  others  working  or  confined  in  smoky  air, 
stone  or  metal  workers,  and  the  like  are  liable  to  excessive  piguientation 
and  develop  interstitial  pueumouia,  especially  marked  at  first  aloug  the 
interlobular  septa  and  frequently  associated  with  chronic  bronchitis, 
emphy.seraa,  atelectasis,  or  bronchiectasia.  This  condition  of  the  luug 
when  due  to  the  inhalation  of  coal  dust  is  called  anthracosia ;  when  due  to 
dust  of  various  minerals,  chalicosis;  when  due  to  irou  dust,  sidcivsis.' 
The  general  process  has  been  called  pneamokoniosis.  The  color  varies  in 
these  lungs  with  the  character  and  amount  of  the  deposited  material,  , 
which  is  frequently  quite  unevenly  distributed.  The  amount  of  foreign 
material  in  such  lungs  is  sometimes  lai^.' 


Tuberculous  Pneumosia. 

General  ConnderationB. — Tuberculous  inflammation  of  the  lungs  is  sim- 
ilar in  nature  to  tuberculous  inflammation  in  other  parts  of  the  body. 
But  since  the  character  of  the  response  of  a  tissue  to  injury  is  largely 
dependent  upon  the  form  and  capacities  of  its  cells,  it  is  not  surprising 
that  in  such  complex  organs  as  the  lungs,  the  lesions  of  tuberculosis 
should  present  many  variations  fi-om  the  iisual  type  elsewhere.  The 
bronchial  passages  and  the  connecting  air  spaces,  the  numerous  blood- 
and  lymph-channels  especially  favor  the  distribution  of  the  tuberele 
bacillus  within  these  organs ;  the  open  texture  of  the  lungs  permits,  as  in 
other  forms  of  pneumonia,  of  great  accnmnlation  of  exudate,  while  the 
delicacy  and  thiimess  of  the  air  chambers  favor  extensive  disintegration 
of  the  old  or  new-formed  tissues  or  exudates  when  these  have  become 
necrotic  under  the  influence  of  the  poisons  of  the  tubercle  bacilli.' 

Thus  the  variety  of  cells  and  tis.sues  involved  and  their  peculiar  rela- 
tionships to  one  another  and  to  the  invading  organisms  render  the  lesions 
of  pulmonary  tuberculosis  more  complex  iu  morphology  than  arc  tuber- 
culous lesions  in  any  other  part  of  the  body. 

The  classification  of  these  lesions  is  largely  based  upon  topographic 

'For  n  study  of  tbe  condition  of  iron  ptgment  la  cella  and  tissues  sec  Amckt, 
Vircli.  Ardi.,  Bd.  cljti..  p.  384,  1900. 

'  For  An  analvsis  of  the  liincs  of  a  case  of  PAtreme  aniliracosis  see  Ilodtnpyl,  Trans 
New  York  Path.'Hoc,  189B-1900. 

*For  further  details  couccmiiig  the  Xxmgs  in  intliLinmatiou  see  p.  'Its. 
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Pathology — Delafield  and  Prudden.  Plate  IV. 


Miliary  Tuberculosis  (Acute)  of  the  Lung. 

The  miliary  tubercles,  small  and  irregular  in  shape,  are  distributed 
throughout  the  lung— more  abundantly  in  the  upper  and  middle  thirds. 

The  blood-vessels  are  injected  nilh  blue  gelatin,  so  that  in  this 
pliotographic  reproduction  of  the  specimen  (he  uninvolved  portions  of 
the  lung  are  daric,  nhilc  the  tubercles — in  which  the  blood-vessels  are 
compresEed  or  obliterated — are  light. 
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considerations  and  is  not  to  be  regarded  as  indicating  fundamental  differ- 
ences in  the  reaction  of  the  tissues. 

Tubercle  ba<>illi  may  enter  the  lungs  either  through  the  blood-  and 
lymph -vessels,  being  brnnght  from  a  focus  of  tulierculous  inflammatiou 
in  another  part  of  the  body ;  or,  as  is  more  frequently  the  case,  they  are 
introduced  through  the  air  passages  by  the  inhalation  of  floating  dust 
particles,  among  which  are  living  tubercle  bacilli.  There  is  evidence 
that  tubercle  bacilli  may  enter  the  body  through  the  gastrointestinal 
mucous  membrane  without  the  development  of  a  tuberculous  lesion  at 
the  point  of  entry.' 

The  introduction  of  tubercle  baeilli  into  the  luugs  may  iudnce  an 
exudative  iuflammatiou  with  the  accumulation  of  fibrin,  leucocytes,  aud 
exfoliated  epithelium  in  the  air  spaces;  a  productive  iufiammatiou  with 
the  growth  of  epithelial  cells,  or  of  i-ound-celled  tissue,  or  of  a  tissue 
composed  of  basement  substance,  large  and  small  cells,  and  giant  cells 
called  tubercle  tissue  (see  page  242);  or  there  may  be  added  necrosis  of 
the  new  tissue  aud  of  portiousof  the  lung.  All  of  these  phases  of  tuber- 
culous lesions  may  and  usually  do  occur  together. 

The  character  of  the  inflammation  in  esich  case  seems  to  be  governed 
by  the  type  of  cells  especially  involved,  by  the  iiumlier,  virulence,  and 
proliferative  capacity  of  bacilli  which  are  introduced  into  the  lungs,  and 
the  way  in  which  these  enter,  as  well  as  by  the  susceptibility  of  the  indi- 
vidual. If  a  large  number  of  virulent  tubercle  bacilji  be  inhaled  or 
aspirated  through  the  bronchi,  or  if  the  bacilli  grow  with  great  rapidity, 
both  productive  and  exudative  inflammatious  may  be  set  up  in  a  consid- 
erable portion  of  the  hings.  If,  on  the  other  hand,  but  few  bacilli  enter 
and  their  proliferation  or  virulence  be  not  extreme,  or  if  these  find  their 
way  in  small  numbers  into  the  lungs  through  the  blood-vessels  or  lym- 
phatics, then  there  may  be  small  foci  of  productive  inflammation  wila 
but  little  exudation.  The  tuberculous  alterations  in  the  lungs  are  usually 
accompanied  or  followed  by  a  series  of  secondary  processes  which  often 
complicate  the  condition  of  the  patient  as  welt  as  the  morphological  ap- 
jiearances  of  the  organs.  The  obliteration  or  destruction  of  the  smaller 
blood-vessels  of  the  lungs  in  the  tuberculous  areas  contributes  to  the 
gray  or  whitish  appearance  of  the  lesions,  due  largely  to  new-formed  tis- 
sue or  accumulated  exudate.  The  formation  of  fibrous  tissue  in  the 
attempts  at  repair  of  the  damage  wrought  by  the  tubercle  baeillus  often 
dominates  the  structural  picture. 

The  traditional  distinctions  between  acute  and  chronic  forms  of  pul- 
monary tuberculosis  are  often  morphologically  not  at  all  well  defined  and 
are  of  value  chiefly  for  clinical  purposes. 

It  hiis  been  customary  to  set  apart  those  forms  of  acute  tuberculosis 
of  the  lungs  in  which  the  lesions  are  iu  the  form  of  small  discrete  so- 
called  "miliary"  foci,  calling  the  condition  Aciit^  Miliary  Tuberculosis. 
The  other  tuberculous  lesions  involving  in  varjing  degree  the  lungs  and 
the  bronchi  with  associated  and  often  extensive  exudative  necrotic  and 
reparative  proces.ses  have  been  commonly  jumbled  together  as  AeuU  and 
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Chronic  Phthim,  many  phases  of  which  have  been  elaborately  described 
as  if  they  wei*  the  expression  of  independent  processes. 

With  our  present  knowledge  of  the  natnre  and  etiology  of  tuberculosis 
it  seems  better  to  let  the  word  phthisis  fall  into  disuse  as  speedily  as 
possible  and  to  consider  under  more  exact  and  siguiflcaut  designations 
sncli  phases  of  pnlmonary  tuberculosis  as  the  morphological  characters 
of  the  lesions  justify.  We  shall  review  the  lesions  of  pulmonary  tuber- 
culosis then  under  the  following  primary  headings: 

1.  Focal  or  miliary  tuberculosis. 

2.  Tuberculous  broncho-pneumonia. 

3.  Complex  forms  of  nodular  and  diffuse  tuberculosis  lesions. 

4.  The  formation  of  cavities. 

6.  Secondary  lesions  in  pulmonary  tuberculosis. 
6.  Concarrent  infection. 

Focal  Tuberculosis.     (^MUiary  Tvberetdosia.') 

Acute  Hillary  Tuberoolosis. — The  rapid  and  widespread  development 
of  miliary  tut>ercles  in  the  lungs  is  often  a  part  of  general  tuberculosis, 
although  the  lesion  may  be  most  extensive  in  the  lungs.  Both  lungs  are 
apt  to  be  involved,  but  the  distribution,  number,  size,  and  character  of 
the  miliary  tubercles  differ  in  different  cases.  The  tubercles  are  found 
in  the  parenchyma  of  the  lung,  iu  the  connective  tissue  forming  the 


septa,  along  and  in  the  walls  of  the  bronchi  and  blood-vessels,  and  in  the 
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pulmonary  pleura.  Tliey  may  be  scattered  singly  through  the  lungs 
(Plate  IV.),  or  aggregated  in  groups  (Plates  VI.  and  VII,).  They  may 
be  separated  by  considerable  interspaces,  or  so  close  together  that  the 
lung  is  rendered  nearly  solid.  Some  are  so  small  and  transparent  that 
they  can  hardly  be  seen  with  the  naked  eye ;  others  are  larger  and  more 
opaque  and  may  have  a  lighter  centre  marking  the  area  of  necrosis. 

lu  many  ca.ses  it  is  evident  that  the  lungs  are  infected  through  the 
blood-vessels  or  the  lymphatics,  for  the  general  tuberculous  infection 
is  secondary  to  a  localized  tuberculosis  either  in  the  lungs  or  in  some 


i  HlLlARC  TUBEBCLIt  0 


other  part  of  the  body.  In  a  considerable  proportion  of  cases  of  miliary 
tuberculosis  of  the  lungs  tuberculous  lesions  of  the  bronchial  lymph- 
nodes  or  of  the  lung  tissue  at  the  apex  of  much  longer  standing  indicate 
the  probable  immediate  source  of  origin  of  the  widely  distributed  tubercle 
bacilli.  Very  often  in  miliary  tuberculosi-s  of  the  lungs  the  tubercles  in 
one  part  of  the  lungs  are  larger  and  appear  to  be  older  than  those  in 
other  parts.  Thus  it  is  not  infrequent  to  find  the  tubercles  in  the  upper 
portion  of  the  lungs  more  abundant,  larger,  and  more  fibrous  than  in  the 


506  THE   RESPIRATORY  BYSTEM. 

lower  lobos  (see  Plate  VII.).  It  is  in  fact  probable  that  in  many  cases 
of  acuto  military  tuberculosis  of  the  lung,  either  associated  or  uob  with 
older  local  tuberculous  lesions  from  which  the  distribution  of  bacilli  may 
have  takeu  place,  the  generalization  has  not  occurred  at  once  but  by 
successive  fresh  infections. ' 

Miliary  tubercles  in  the  lungs  are  in  structure  essentially  similar  to 
those  formed  elsewhere  in  the  body,  except  that  the  filling  of  the  air 
spaces  with  exudate  makes  the  lesion  somewhat  more  complex. 

The  tubercles  may  be  composed  of  small  spbei'oidal  cells  or  of  larger 
polyhedral  cells  with  more  or  less  fibrous  stroma,  or  of  small  and  large 
cells  and  sti-oina.  Giant  cells  maybe  present;  coagulation  necrosis  is 
usual  (Fig.  119,  page  244).  Such  forms  of  miliary  tubercles  may  be  and 
commonly  aie  associated  with  the  presence  of  an  exudate  in  the  adjacent 


or  Ih*  air  vesii'lPH  arc  in  part  still  pusened. 

or  involved  air  vesicles  (Fig.  2S4).  This  exudate  may  be  largely  made 
up  of  exfoliated  epithelial  cells  which  have  proliferated;  or  with  these 
there  may  be  serum,  leucocytes,  and  fibrin.  The  blood- ve.s.scls  within 
the  tulH'i"cles  which  replace  the  lung  tissue  are  partially  or  wholly  oblit- 
erated (Fig.  28.5). 

But  the  miliary  foci  of  tuberculous  inflammation  in  the  lungs  may 
consist  wholly  of  inflammatory  exudate  which  early  becomes  necrotic, 
often  with  necrosis  of  thewalls  of  the  involved  airspaees  (Fig.  120,  page 
24fi).  Such  tut>ercles  of  the  exudative  type  are  apt  to  occur  in  children 
and  usually  contain  large  numbers  of  tubercle  bacilli.     They  may  occur 

'  Fnr  rcfprcncps  to  tlie  origin  of  miliary  tulwrculosla  see  Benda.  Liitwrsch  and 
OslLTtag's  "'Ergcbniase,"  Jabrg,  v.,  )i,  447. 
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Pathology  -  Delafield  and  Prudden.  Plate  V, 


Tuberculous  Broncho-Pneumonia. 

The  walls  of  the  smaller  bronchi  are  involved,  being  thickened  and 
caseous,  while  the  ulceration  of  many  of  them  has  led  to  the  fomation 
of  numerous  small  cavities. 

The  blood-vessels  are  injected  with  blue  gelatin,  so  (hat  the  less 
affected  and  the  intuct  parts  of  the  lungs  are  the  darker. 
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ID  coniiootion  with  various  other  phases  of  acute  and  chronic  pulmonary 
tubereulosis. 

When  miliary  tubercles  are  situated  in  the  parenchyma  of  the  lung 
the  walls  of  the  air  spaces  may  be  visible  in  the  new  growth  (Fig.  286) 
or  they  may  be  largely  or  wholly  obliterated  (Fig.  287). 

In  the  obliteration  of  the  walls  of  the  air  vesicles,  their  former  sitna- 
tion  may  be  indicated  bystmctui-eless  bands  or  sti'eaks  of  uecrotie  ma- 
terial, or  they  disappetir  altogether. 

tn 
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Chronic  and  "  Healed  "  Hillary  Tubercles. — The  small  foci  of  tubercu-  ^ 
lous  inflammation  which  are  called  miliary  tubercles  may,  as  we  shall  n 
see  later,  extend  and  coalesce  so  that  with  more  or  less  exudative  pneu-  ^ 
monia  large  areas  of  the  tuug  may  become  consolidated,  thus  developing  ^ 
one  of  the  forms  of  pulmonary  tuberculosis  called  phthisis. 

On  the  other  hand,  small  tuberculous  foci  in  the  lungs  may  with  or 
without  extensive  necrosis  become  surrounded  by  or  concerted  into 
masses  of  dense  fibrous  tissue.  These  tibroua  tissue  masses,  which  are 
often  culled  "healed  tubereles"  (Fig.s.  288  and  289),  may  contain  necrotic 
material,  are  often  mottled  black  from  anthracotic  pigment,  or  they  may 
be  calcified  at  the  centre.  Tubercle  bacilli  nmy  be  absent  from  them  or 
the  bacilli  may  remain  alive  within  them  for  a  long  time  quiescent,  but, 
as  Lartigau  and  others  have  shown,  still  virulent.  When  such  circum- 
scribed masses  of  moie  or  less  fibrous  tuberele  tissue  are  scattered 
through  the  lungs,  although  the  individual  masses  may  be  of  considerable 
size,  the  process  is  sometimes  called  "chronic  miliaiy  inberculoaiii." 

It  should  be  remembered  that  the  new  fibrous  tissue  which  forms  in 
and  about  miliary  tubercles,  as  well  as  other  tubereulous  lesions,  is  the 
result  of  a  distinctly  reparative  process  in  which  the  already  formed  tu- 
bercle tissue  or  its  pi-odiicfs  apparently  act  somewhat  as  foreign  bwUes 
may  in  inducing  fibrous-tissue  growth. 

LlgitizecDyCoO'^lc 
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Via.  £88.— AN  OLD  FlBROCS  TCBERCLI  OF  THE  LCSO—"  HULED  TCBEBCLI." 
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Tia.  2f8.— A  FtbhocS  Titbehclk— "  HKiLrn  TrBEiiCLK"  of  the  LCNO. 
Tbe  centre  IscoEeous.  Ibc  abroumliwiiesurroundlQEthlB  ki  cIpDBe.  lite  walls  of 
ure  iblckeiied.    A  g[anl  cell  at  tlie  rlgbt  In  calclDed. 
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TUBEHCULOUS    BKONC  HO -PNEUMONIA. 

In  another  most  important  phase  of  tuberculous  inflammation  of  the 
lung  tliere  is  an  involvement  of  the  walls  of  the  smaller  bronchi  and  the 
associiited  groups  of  air  spaces.  This  may  occur  tbroagb  inhalation  of 
bacilli  or  by  their  aspiration  from  an  established  tuberculous  focus,  for 
example,  from  a  lesion  at  the  apex,  or,  as  is  often  the  case  iu  children, 
from  tuberculous  bronchial  lymph-nodes;  or  iufection  may  take  place 
throngh  the  blood-  or  lymph-vessels.  In  the  early  stages  of  tuberculous 
broncho- pneumouia  the  cut  surface  of  the  fresh  lung  may  present  small 
gray  or  yellowish-white  areas  of  consolidation  with  necrosis  clustered 
about  the  small  or  terminal  bronchi  (Plate  V. ).     The  process  is  at  first 


largely  exudative,  involving  a  catarrhal  and  necrotic  inflammation  of  the 
mucous  membrane  of  the  bronchus  with  more  or  less  exudate — which  also 
may  soon  become  necrotic— in  the  associated  groups  of  airspaces  (Fig. 
290).  Sometimes  organized  tubercle  tissue  may  form  in  the  walls  of 
the  bronchi  with  thickening  of  the  walls  and  obliteration  of  the  blood- 
vessels of  the  adjacent  air  spaces. 

By  the  extension  of  the  process  from  one  and  another  affected  bron- 
chus and  the  coalescence  of  these,  large  areas  of  the  lungs  may  become 
involved.     In  this  more  advanced  stage  of  broncho-pneumonia  the  larger 
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Cl'LOl'B  BKONCHO-P.terMOVU. 


Tbe  walls  ul 
D  Id  Plate  v. 


atid  smaller  cousolidated  areas  may  be  dark  red  with  firmer  gray  or  yel- 
lowish-gray central  portiODs,  in  which  the  blood-vessels  are  obliterated, 
orthe  wboleareamay  be  solid  and  in  the  fresb  lung  grayish-white.     This 
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Pathology— Z>e/q/fe/rf  and  Prudden,  Plate  VI. 


Miliary  Tubercles  and  Tuberculous  Broncho-Pneumonia  with 
Diffuse  (Chronic)  Tuberculous  Lesions  in  the  Apex. 

There  is  in  the  apex  tuberculous  consolidation  with  coagulation 
necrosis  (caseation),  new  fibrous  tissue,  and  a  small  cavity.  The  middle 
third  of  the  hing  contains  manj  small  single  and  clustered  mihary  tuber- 
cles and  foci  of  tuberculous  broncho -pneumonia.  The  lovrer  third  con- 
tains a  few  similar  small  tuberculous  foci,  also  scattered  and  in  clusters. 

The  appearance  of  the  lung  leads  Co  the  conjecture  that  tubercle 
bacilli  may  have  been  gradually  disseminated  from  the  earlier  lesion  in 
the  apex.    The  blood-vessels  are  injected  with  bhie. 
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new-formed  tissne  may  nndei^o  necrosis  and  ulceration  bo  that  vith  an 
advancing  consolidatiOD  of  tlie  lung  tissue  about  the  bronchi  nunieroim 
larger  and  smaller,  rough,  irregular  cavities  may  be  formed  (Fig-  291). 
The  walls  of  the  larger  bronchi  also  may  become  the  seat  of  a  tul)ercu- 
loua  inflaiumatiou  with  more  or  less  necrosis  (Fig.  292).  Ulcemtion 
of  these  necrotic  bronchial  walls  may  lead  to  the  formation  of  ragged 
cavities  (Plate  IX.  and  Fig.  2y3). 

The  secondary  development  of  dense  fibrous  tissue  in  connection  with 
tuberculous  broncho-pneiiinonia  is  a  marked  feature  of  the  x>er8istent  or 
chronic  forms,     Tnl>ercnlous  broncho-pueumonia  is  one  of  the  most  im- 
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portant  of  that  complex  of  pulmonary  lesions  called  phthisis,  and  is  com- 
monly associated  with  other  forms  of  tuberculous  involvement  of  the 
oi^n — ^miliary  tubercles,  lai^r  areas  of  consolidation,  etc. 

Complex  Forms  of  Xodulab  and  Diffuse  Tuberculous  Lesions. 
(Phthiitis,') 

With  or  without  the  various  well-defined  forms  of  tuberculous  bron- 
cho-pneumonia and  miliary  tubercles  atjove  described,  there  may  be 
more  or  less  circumscribed  small  or  large  areas  of  productive  and  exuda- 
tive tuberculous  inflammation  of  the  lung  with  necrosis,  both  of  the  lung 
tissne,  the  new -formed  tissue,  and  the  exudate  (Plate  XII.).     These  may 
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develop  as  the  result  of  fresh  infections  of  the  lung  through  the  lym- 
phatics or  otherwise.  These  areas  or  nodules  may  coalesce  so  that  whole 
lobes  or  parts  of  lobes  of  the  luugs  may  become  consolidated  (Plates  VH. 
and  VIII. ).  Microscopically,  these  consolidated  areas  may  be  composed 
of  tubercle  tissue  more  or  less  necrotic,  with  partial  or  total  obliteration 
of  the  walls  of  the  air  spaces.  On  the  other  hand,  when  the  process  has 
been  exndative  aa  well  as  productive  in  character,  ouemayseeinthesolid 


ria.  ;m.-An  air  vistclk  FiLLen  with  Fattt  Ep[THEi.jt:M.  in  Chronic  FrLHONinT  Tcbekcclosib. 

The  wall  of  the  air  vcsli-le  1b  dlsgnmmaUc 

areas  the  outlines  of  the  air  vesicles  and  larger  spaces;  but  these, 
together  with  the  enclosed  exudate,  may  be  necrotic  and  granular  with 
few  stained  uuclei  and  fragments  of  ehromatiu.  Much  of  the  exudate 
which  fills  the  air  vesicles  either  within  or  about  these  more  densely  cou' 
solidated  areas  may  not  be  caseous  or  necrotic,  but  may  consist  of  well- 
preserved  or  fatty  epithelial  cells  (Fig.  294),  or  of  these  with  varying 
<iu<tutities  of  leucocytes  and  fibrin. 

Aside  from  these  complex  forms  of  nodular  and  diffuse  tuberculous 
l&sious  one  may  recognize  a  Diffuse  Exudative  Tnberculona  InJUmmatioa  of 
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PMhology—Delafield  and  Pmdden.  Plate  VII. 


Diffuse  and  Focal  (Chronic)  Pulmonary  Tuberculosis — 
"  Chronic  Phthisis." 

In  the  upper  third  of  the  lung  there  is  tuberculous  broncho-pneu- 
monia with  commencing  ulceration  of  small  bronchi:  nearly  complete 
consolidation  from  the  extension  and  coalescence  of  small  tuberculous 
foci  and  diffuse  fonnation  of  fibrous  tissue. 

Id  the  lower  third  of  the  lung  are  irregular,  dense,  sharply  outlined 
tuberculous  foci  (chronic  miliary  tubercles). 

In  the  middle  third  there  is  tuberculous  pneumonia  of  the  exudative 
type,  the  incompletely  consolidated  areas  having  become,  in  part,  caseous. 

The  less  involved  portions  of  the  lung  In  this,  M  in  the  other  in- 
jected Bpecimons,  are  the  darker. 
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the  Lnngs  of  Acute  and  of  Chronic  Type, — Cheesy  Fneomonia;  Pneamonic 
Phthisis. 

1.   AfUTE  Type. — Sometimes  large  areas  or  whole  lobes  or  the  whole 
lung  may  be  the  seat  of  an  exudative  process  by  which  the  affected  region 


PATirE    TTPF     (A<TTE    PHTRrSIS— CHEKSY  PHErMO- 

LTroN  AMI  Formation  of  Cavitikk. 
Tbe  pleura  Is  mucb  tblrkennl. 


becomes  solidified,  the  exudate  consisting  of  epithelium  with  more  or  less 
fibrin  and  pus.  This  exudate,  together  with  the  lung  tiasue,  soon  under- 
goes necrosis,  eo  that  the  solidified  lung  becomes  dense,  mottled,  and 
gray  in  color.     Extensive  disintegration  (Fig.  295)  of  the  consolidated 
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and  necrotic  portions  of  the  lung  may  take  place  with  the  formation  of 
large  ragged  cavities  (see  Plate  X. ).  In  many  cases  enonpous  numbere 
of  tubercle  bacilli  are  present  in  the  exudate  of  the  involved  region  in 
this  type  of  exudative  and  necrotic  pulmouary  tuberculosis. 

2.  Cheonic  Type.  —There  may  be  a  more  gradual  development  of 
the  exudat«,  involving  lai^r  or  smaller  areas,  often  with  tubercnloos 
thickening  and  necrosis  of  the  walls  of  the  air  spaces.  With  this  as  with 
other  forms  of  pulmonary  tuberculosis  there  may  be  associated  a  growth 
of  simple  fibrous  tissue  with  the  formation  of  cavities. 

Not  infrequently  the  exudate  in  such  forms  of  diffuse  tuberculoos  in- 
flammation of  the  lung  is  less  cellular  and  more  serous  or  sero-fibrinous 
in  character  when  the  appearance  of  the  consolidated  region  is  trans- 
lucent and  gelaUnouB. 

Obliteration  of  the  lai^r  blood-vessels  by  thrombosis  or  inflamma- 
tion of  the  wall  often  plays  an  important  part  in  most  forms  of  tubercu- 
lous lesions  of  the  lungs.  When  large  trunks  are  involved,  lai^e  lung 
areas,  supplied  by  the  occluded  vessels,  particularly  those  in  which  exu- 
date is  present,  may  become  necrotic  en  masse,  then  often  appearing  on 
section  smooth,  shining,  grayish-white  in  color,  and  bloodless. 


The  Formation  of  Cavities  in  Pulmonary  Tuberculosis. 

We  have  seen  that  in  tuberculous  broncho-pneumonia  ragged  cavities 
may  form  by  a  progressive  necrosis  and  disintegration  of  the  thickened 
walls  of  the  affected  bronchi  and  the  adjacent  lung  tissue  (Plate  IX. 
and  Fig.  293).  Similar  destructive  alterations  may  occur  in  the  areas  of 
tuberculous  and  necrotic  tissue  which  involve  larger  and  smaller  portions 
of  whole  lobes  (Plate  XI.).  This  is  most  ofteu  rapid  and  extensive  in 
solidified  and  necrotic  areas  of  the  exudative  type  (Plate  X,  and  Fig. 
2S5).  These  ragged  cavities  may  communicate  with  one  another  as  well 
as  with  the  bronchi. 

While  at  first  without  distinct  limiting  walls,  if  the  necrotic  process 
be  not  too  active  and  extensive,  new  fibrous  tissue  may  gradually  form 
about  tuberculous  cavities  (Plate  XII.  and  Fig.  296);  and  these  may 
become  lined  with  granulation  tissue  or  a  layer  of  new-formed  tubercle 
tissue.  Here  an  enormous  proliferation  of  tubercle  bacilli  may  occur  for 
long  periods.  These  may  be  cast  out  in  the  sputum  or  aspirated  into  other 
parts  of  the  lungs.  The  old  blood-vessels  of  the  involved  portion  of  the 
lung  may  lie  upon  the  walls  or  stretch  across  these  cavities,  sometimes  with 
obliterated  lumina,  sometimes  still  permeable,  and  from  these  heemorrhages 
may  occur.  There  may  be  continuous  and  prolonged  suppuration  of  the 
walls  of  the  cavities  and  putrefactive  processes  may  be  incited  by  the 
advent  through  the  air  pass^es  of  various  forms  of  bacteria.  The  walls 
of  cavities  may  become  fibrous  with  an  arrest  of  the  tuberculous  process, 
and  they  may  become  shut  off  from  bronchial  communication. 
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Diffuse  (Chronic)  Pulmonary  Tuberculosis — "  Chronic 
Phthisis." 

In  the  upper  half  of  the  lurg  there  are  scattered  miliary  tubercles 
and  irregular  areas  of  consolidation,  with  a  diffuse  fonnation  of  librous 
tissue;  the  pleura  is  thickened.  A  large  portion  of  the  lower  lobe  b 
densely  consolidated  from  tubercle  tissue  and  exudate  with  coagulation 
necrosis  of  the  involved  regions.  These  regions  are  light  in  color, 
dense,  hard,  and  bloodless.  Such  dead  caseous  areas  may  persist  fo[ 
some  time,  or  may  soften  and  disintegrate,  giving  rise  to  cavities. 
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Secondaky  Lesions  in  Pulmonary  Tuberculobib. 

A  variety  of  secoDdaiy  processes  may  be  associated  with  the  varioos 
phases  of  pulmonary  tuberculosis  which  we  have  briefly  reviewed.     Tlie 
Mood-vessels  in  affected  regiona  may  be  intact,  or,  as  we  have  seen,  their 
walls  may  be  involved  in  the  productive  and  necrotic  processes,  with 
thrombosis  or  obliteration    of 
the  lumen ;  or  more  or  less  ex- 
tensive biemoiTbages  may  oc- 
cur.    If  the  consolidation   be 
not  complete,  lung  tisKne,  often 
in  a  condition  of  atelectasis  or 
emphysema  and  with    more  or 
less  cellular  or  granular  exu- 
date, may  remain  between  the 
tuberculous     areas.       Miliary 
tubercles     may    be    scattered 
among  the  larger  consolidated 
masses  or  in  parts  of  the  lung 
otherwise  free. 

In  chronic  forms  of  pul- 
monary tuberculosis  the  an- 
thracotic  jM^nicttf  is  often  con- 
spicuous, particularly  in  the 
cheesy  and  fibrous  areas,  stand- 
ing out  in  musses  and  streiikB 
in  contrast  to  the  new  or  dead 
tissue.  Furthermore,  there 
may  be  associated  with  the 
luug  lesions  acute  exudative  or 
chronic  fibrous  pleuritis  with 
adhesions ;  o  r  tuberculous 
pleuritis  of  varjing  extent ; 
empyema  and  pneumothorax. 
There  is  nearly  always  more  or 

less  chronic  mtarrfifl/  bronchitis     j.,g_  gga— cHBosrc  prLHONAKT  TcBKRct-LosiB 
or   bronchopneumonia  and  fre-  icuEdscr  phthjsisk  with  Caveties. 

quently  bronchtectasia. 

Tuberculous  infiaintnation 
in  the  bronchial  lymph-nodes 
frequently  accompanies  and  often  preceties  the  development  of  pulmo- 
nary tuberculosis.  In  children  the  tubereulous  l.iTnph-nodes  often  extend 
far  into  the  lung  and  may  on  softening  give  rise  to  cavities  at  a  consider- 
able distance  fi'om  the  hilus  of  the  lung. 

Tuberculosis  in  other  i)art8  of  the  body  is  common  in  connection  with 
pulmonary  tuberculosis. 


There  Is  murti  dense  nbroUB  tisiuie  In  th' 
aumiundlng  and  bUwcen  Oiv  csvUlea  as  Wi 
Itin  u[  Ihe  luwrr  lobe. 
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In  all  these  various  processes  uew-fonned  ^/tj-oiw  ti^me,  not  tubercn- 
loiis  iu  character,  may  develop,  variously  distorting  the  lungs  aud 
sometimes  enclosing  the  tuberculous  areas.  There  is  much  reason  for 
the  belief  that  the  characteristic  so-called  tubercle-tissue  formation  in  all 
phases  of  tuberculosis  is  a  response  of  the  living  cells  to  injury,  which  as 
in  other  phases  of  inflammation  is  fundamentally  conservative  {see  page 
126).  But  whether  this  be  so  or  not,  it  is  certain  that  it  is  through  the 
development  of  fibrous  tissue,  which  is  so  important  a  feature  iu  persis- 
tent phases  of  pulmonary  tuberculosis,  that  the  delimitation  or  replace- 
ment of  tubereiilous  foci,  the  encapsulation  of  tuberculous  cavities,  etc. , 
occurs.  While,  therefore,  fibrous-tissue  formation  in  the  lung  is  fre- 
quently associated  with  the  necrotic  and  other  destructive  tuberculous 
lesions,  and  is  often  a  very  conspicuous  factor,  it  should  be  remembered 
that  the  healing  which  takes  place  in  the  majority  of  cases  in  man  after 
modei-ate  infection  is  achieved  through  its  agency. 

It  is  especially  upou  the  presence  or  absence  of  fibrous  tissue  in  the 
lesions  that  the  distinction  between  acute  and  chronic  phthisis  is  based. 

It  will  be  seen  from  this  brief  outline  of  various  piominent  phases 
of  pulmonary  tuberculosis  that  the  gi-oss  appearances  of  the  lungs  are 
most  divei-se,  although  the  processes  by  which  these  changes  are  induced 
are  few  and  comparatively  simple.  "While  no  two  lungs  are  quite  simi- 
lar in  the  complex  phases  of  the  lesion,  systematic  gross  and  micro- 
scopical examinations  soon  enable  the  student  to  recognize  the  type  of 
lesion  nnder  great  complexity  of  detail. 


The  Disteibution  of  the  Lesions  in  Pulmonary  Tuberculosis. 

Aside  from  general  miliarj'  tuberculosis  in  which  the  tubercles  are 
widely  distributed  throughout  one  or  both  lungs,  the  most  common  seat 
and  starting -point  of  tuberculous  lesions  in  adults  is  the  apical  region  or 
the  depth  of  the  lung,  particularly  the  right,  somewhat  below  the  apex.' 
In  children,  the  tuberculous  process  more  frequently  commences  in  the 
brcuchial  lymph-nodes  (Plates  III,  and  XI.). 

Fram  the  aiiex  the  tuberculous  i»rocess  may  extend  downward,  and 
with  vai'ious  fonns  of  lesions  involve  more  or  less  of  the  lungs.  It  is 
common  to  find  at  autopsies  older  fibrous  lesions  about  the  apices  while 
marks  of  more  active  processes  are  to  be  seen  below  (Plate  XII. ).  In  a 
considerable  percentage  of  bodies  examined  at  autopsies,  small  and  often 
healed  tuberculous  foci  are  found  at  the  apex  or  in  the  bronchial  lymph- 
nodes  without  evidence  of  extension  of  the  process. 

CONCUKKENT   INFECTION    IN    PULMOSAEY   TUBERCULOSIS. 

While  it  has  been  definitely  established  that  tubercle  bacilli  are  the 
excitants  of  both  the  productive  and  exudative  fonns  of  tuberculous 
iufiammation,  these  bacilli  are  not  infrequently  associated  in  pulmonary 

■e  Ilutehiiuon,  "Studies  in 
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Pgtiholozf— Deiq/ie/d  and  Pnidden. 


The  advancing  tuberculous  involvement  of  the  walls  of  the  larger 
bronchi  in  the  upper  lobe  U  associated  with  ulceration,  so  that  the  bron- 
chiectatic  cavities  gradually  become  larger.  In  the  upper  portion  of  the 
upper  lobe  there  is  diffuse  consolidation  with  caseation :  the  lower 
portion  of  the  lobe  shous  miliary  tubercles  and  partial  consolidation  of 
the  lung  about  them  by  exudate. 

The  lower  lobe  is  free  save  for  a  few  scattered  tubercles.  The 
blood-vessels  are  injected  with  blue  so  (hat  the  uninvolved  portions  of 
the  lung  are  dark. 
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tubercalosis  with  other  organisms,  especially  witli  the  Streptococeos  and 
Staphyloeoecus  pyogenes,  with  Micrococcus  lanceolatuB,  and  the  inf  uenza 
bacillus. 

There  is  reason  to  believe  that  in  many  cases  at  least  the  concurrent 
infection  of  tuberculous  luugs  with  the  Streptococcus  pyogenes  may  be  an 
important  factor  in  the  formation  of  cavities  in  areas  of  consolidation 
already  established.'  The  pyogenic  cocci  apparently  play  an  important 
part  in  the  bronchitis  which  so  often  accompanies  acute  and  chronic 
phthisis. 

Artificial  Pulmonary  Tuberculoais  in  Animals. 

Mucb  light  may  be  gained  upon  tlie  successive  steps  in  tlit  development  of  the 
itsioDS  of  polmoDBiry  tuberculosis  as  well  as  upon  the  rapi<lity  willi  which  Id  a  nuscept- 


Tio.  2Si7.-EXPIEiMiiNTAL    TVBKRrcLOca  IN-  Fia.  fflB.— Exfer1MkNt«L  Trs 

ruMMXtlON      (MlUARV)     IN     THK     LVNO     OF    A  UiTlO.V  1.1  THK  LUNIi   OT  A   RABBIT. 

Large  ama  of  solldlOisllaii  In  tbe  luiui  tweolr- 
TherabWl'slUDgshowamlllarr  todofluberca-  Hlgbl  days  after  Ihs  Injection  Uiroimli  the  tractoei  of 

lous  Inaammallon.  twenl^-lwii  da;3  afUr  tbe  In-  a  considerable  quantlti  of  a  pure  culture  of  the  m- 

JeCTIonlhroughlhetraobeaof  asciBllquanlitrot  berclB    bacillus.     The    lesions    resemble  Ihoae  o( 

bnKh  cullure  of  Ibe  tubercle  bacillus.  acute  pblUals  In  man. 

Ible  animal  the  lesion  may  develop,  by  the  study  of  the  tuberculosis  artifldally  Induced 
In  rabbits  with  pure  cultures. 

'Forblbliogtaphy  of  concnrrcnt  infection  in  tuberculosis  see  iard^TM'*  article  on  the 
bacteriology,  pathology,  and  eiiology  of  tuberculosis,  "Twentieth  Century  Praetice  of 
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By  the  iojectioD  of  tubercle  bacilli  alone  and  associated  with  streptococci  into  the 
luugs  of  mbbilB  througb  the  tracliea.  it  has  bceu  possible  to  reproduce  very  closely  the 
lesions  of  pulmonary  tuberculosis  in  nuin.' 

If  a  small  quautit3'  of  a  pure  culture  of  the  tubercle  liacillus  in  very  miuutc  flocculi 
lie  mixed  with  a  coDsidcrabkMiuantity  of  salt  solution  and  introduced  into  the  lungs 
of  mbbits  through  the  tnicliea  a  uumber  of  small  areas  of  consolidation  are  produced 
which  have  the  gross  appearance  of 
miliary  tubercles  (Fig.  897).  These 
small  areas  of  consolidation  are  com- 
posed of  epithelial  celb  and  leuco- 
cytes. After  the  development  of 
these  cell  masses,  which  may  occur 
witliin  a  few  hours,  they  may  remain 
with  little  apparent  change,  or  be- 
come more  or  less  infiltrated  with  leu- 
cocytes, or  become  cheesy,  or  be  sur- 
rounded by  a  dense  zone  of  small 
spheroidal  cells:  or  small  foci  of  new 
tissue  with  more  or  less  csudale,  and 
necrosis  may  form. 

When  larger  quantities  of  the 
tubercle  bacillus  are  introduced  Into 
the  lungs  through  the  trachea  large 
areas  of  consolidation  arc  fonncd 
(Fig.  398),  which  may  involve  whole 
lobes  or  whole  lungs. 

Microsi\)pi<»lly,  these  consoli- 
dated areas  are  practically  identical 
with  those  which  are  found  in  man 
in  various  forms  of  luberculous  bron- 
cho-pneumonia. A  later  fibrous-tis- 
sue development  may  occur,  aud 
bl(K)d- vessels  may  be  obliterated. 

In  the  presence  of  the  tubercle 
bacillus  alone  the  consolidated  and 
caseous  areas  mrely  soften  and  break 
down  so  as  to  form  cavities.  If,  how- 
ever, after  the  tuberculous  lesion  of 
the  lung  has  been  induced  and  allowed 
tonitderabie  quaniity  of  (o  continue  for  a  number  of  days,  a 
culture  of  Streptococcus  pyogenes  be 
introduo^l  into  the  trachea  of  the  rab- 
bit, within  twenty-four  hours  the 
caseous  areas  often  begin  to  soften. 
The  softening  may  begin  at  the  cen- 
tre, or  may  surround  a  central  por- 
followed  by  absorption,  and  so  eavl- 


Tbe  lung  wu  (nJertMl  witb  i 
tubercle- baclUUB  culture  Uirouffb  tbe  trsrbea,  fullowea 
liter  iwenty-elgbt  days  by  the  Injection  o(  the  brolh  cul- 
ture of  the  SmpUK»«:ua  pyoffenea.  Animal  klUed  Beveu 
dsjrs  atUT  tbe  strepuxxiocUB  InJei'llDn.  Tbe  spevloien 
shoiTB  iarse  arena  of  roDsolldBtlon  wllb  cavllleB.  Tlie 
lesiona  reeemble  tboae  af  acute  pblblalB  wllb  navltlea  In 


tion  of  the  necrotic  mass.     The  softening  is 

ties  are  formed  of  varying  sizes  and  shapes  (E^g.  299). 

It  will  thus  be  seen  that  in  the  rabbit  a  concurrent  infection  wit li  the  tubercle  bacil- 
lus and  the  streptococcus  has  an  important  bearing  upon  the  breaking  down  of  lung 
tissue  which  leads  to  the  formation  of  cavities.  While  it  would  not  be  wise  to  assume 
from  these  experiments  on  the  rabbit  that  a  similar  condition  is  always  pre^nt  when 
cavities  form  in  man.  we  have  seen  that  in  fact  a  similar  concurrent  infection  in  man  in 
acute  phthisis  actually  does  often  exist. 

'  Priiddeii,  New  York  Medical  Journal,  July  7Ch,  1894. 
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Patholosy—Delqfield  and  Prudc/en.  Plate  X. 


Pulmonary  Tuberculosis^ — Exudative  Type — with  Large  Cavities. 
The  entire  lung  is  solid  from  new-formed  tubercle  tissue  and  exudate  which  are  lioth 


largely  i"  a  condition  of  coagulation  nee 
The 


■  thickened  trunks  of  the  larger  pulmonary  vessels  are  exposed  in  the  depths  of 
the  ragged  communicating  cavities. 

This  lung  vaa  hardened  in  alcohol  without  injection  of  the  bbod-vessel*. 
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Syphilitic  Pneumonia. 


Persons  sufferiug  from  inherited  or  acquired  syphilis  sometimes  de- 
velop iuflammatious  of  the  luogs  which  seem  to  be  due  to  the  syphilitic 
infection.     The  lungs  iniiy  then  be  affected  in  several  different  ways. 

There  may  be  well-dcflued  large  or  small  gummata  with  or  without 


Fia.  3nn.— Endotiielioua  of  thk  Plilka. 
Staowlng  the  ^miwih  at  ihe  tumor  aloag  (bu  supvrflclnl  lympli-vvtisclK. 

intei-stitial  and  more  or  less  exudative  pneumonia.  There  may  be  a  for- 
mation of  new  fibrous  tisane  in  the  walls  and  lung  tissue  about  the  bronchi, 
often  with  ulceration  of  the  mucous  membrane  and  distortion  of  these 
structures.  There  ma,y  be,  particularly  in  thenew-boin,  lobular  or  lobar 
hepatixation,  the  affected  region  appearing  reddish  or  gray  or  white. 
This  i.H  due  to  a  growth  of  new  cellular  tissue  in  the  walls  of  the  air 


Fto.  301.— Esi 


Spaces  and  to  an  exudate  largely  of  epithelial  cells  in  the  air  spaces.     In- 
farctions of  the  luug  from  obliterating  endarteritis  may  be  present     It 
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is  ofteu  difficult  to  determine  iu  mauy  eases  of  interstitial  infiammatiOD 
of  the  lungs  whether  the  lesion  be  eyphilitio  or  not.' 

TUUORS. 

Tibroma  and  OBteoms  &ve  rare.  Enohondroma  may  occur  aa  a  primary 
tumor  originating  in  the  cartilages  of  the  broudii.  Sarcoma  is  not 
common  and  is  usually  sec- 
ondary, "  Ljrmphoma  "  may 
develop  in  the  lungs  in  leu- 
kiemia  and  pseudo-lenkiemia. 
Endothelioma  is  of  occasional 
occurrence  iu  the  lung  and 
following  the  subpleural 
lymph-  vessels  may  form  a 
reticular  raised  white  net- 
work ou  the  surface  of  the 
lung  (Figs.  300  and  301). 
Adenoma  as  a  primary'  tumor 
is  rare.  Primary  carcinoma 
of  the  lung,  originating  iu 
the  bronchi,  is  of  occasional 
occurrence.'  It  may  be  as- 
sociated with  exudative 
pneumonia  and  iuvoh'e  large 
portions  of  the  luugs  as 
well  »s  the  pleura.  Second- 
ary carcinoma  of  the  lung 
is  not  infrequent.  The 
malignant  growths  in  the 
lung  may  occur  as  circum- 
scribed nodular  masses,  dis- 
pla<;ing  the  lung  tissue  (Fig. 
302),  or  they  may  infiltrate 
the  lung,  often  following  the 
bronchi  and  larger  blood- 
vessels. The  cells  of  such 
tumors  ofteu  grow  into  and 
fill  up  the  air  spaces  of  the 
lung,  over  large  areas,  without  immediate  iuvolvemeut  of  their  walls.' 
Dermoid  cy«t«  have  been  found  iu  the  lung. 

I  Por  lecput  bibliogmpliy  of  pulmonary  syphilis  consult  Flo^mann,  Ceotralbl.  f. 
Path.  «nd  path.  Aiiat.,  Bd.  x..  p.  449,  1899. 

•See  Pdwfer,  Virch,  Arch.,  Bd.  cxlv.,  p.  191,  1896.  bibliography. 

'For  a  consideration  of  the  diagnosis  nf  malignant  tumors  of  theluog  consult  jltUm', 
New  Yorli  Medical  Journal,  February  8ih  and  13th,  1896,  bibliography. 


FiO.  302.— BRCONDIRT  CARCINOHA  O 


Tbe  prtmary  tumor  Involved 
pancreas.  The  melaatallc  lunii 
pan  nblte.  In  part  dark   red 


e  gall  duels,  liver,  and 
im   Inlvretllial  tuciiinr- 
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PaXhoXo^—Delqfield  and  Prudden.  Plate  XI. 


Pulmonary  Tuberculosis  (Chronic),  with  Large  Cavities, 
The  lagged  communicating  cavities  involve  a  large  part  of  the  lung  and  are  bronchiec- 
talic  in  origin.     The  bronchia]  lymph-nodes  are  enlarged,  tuberculous,  and  caseone.    The 
pleura  and  interlobar  aeptum  an  thickened  by  the  formation  of  detwefibrons  tiisne. 
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Pathology — Delafield  and  Prudden 


Chronic  I'ulmonary  Tuberculosis  with  a  Fibrous- Walled 
Cavity  at  the  Apex. 
The  fibrous  wall  of  the  cavity  is  dense  and  is  continuous  with  the 
greatly  thickened  pleura  and  with  the  diffuse  new-formed  connective 
tissue  throughout  the  upper  lobe.  The  upper  lobe  is  greatly  reduced  in 
size  by  the  cicatricial  contraction  of  ttie  fibrous  tissue.  The  lower  lobe 
shows  two  areas  of  tuberculous  consolidation;  both  are  caseous  in  the 
central  portions;  the  upper  shows  commencing  tuberculous  bronchiec- 
tasia.  The  upper  part  ol  the  fibrous  wall  of  the  cavity,  firmly  adherent 
to  the  thoracic  wall,  has  been  cut  away. 
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tThe  Mediftatmnm. 


Intlamhation. — Suppurative  inflammation  may  occur  either  in  the  anterior  or 
posterior  mediaBtintim.  It  may  be  caused  by  fractures,  caries  or  necrosis  of  tlic  ster- 
num HDil  veri«bree.  by  perforation  of  tbe  cesoptiagus,  by  suppuration  of  tbe  lympli- 
nodes,  by  pleurisy,  or  may  occur  without  discoverable  cause. 

The  pus  may  infiltrate  tbe  connective  tissue,  or  may  form  abscesses  which  may 
attain  a  large  size,  Tbe  inflammation  may  extend  to  tite  pleura  or  tlie  pericardium, 
the  abscesses  may  displace  tbe  heart,  tbe  lungs,  or  (he  sternum ;  or  they  may  perforate 
through  tbe  skin,  into  a  pleural  cavity,  the  cesophagus,  the  trachea,  or  a  bronchus.' 

A  few  cases  of  chronic  inSammation  of  the  tissues  of  the  mediastinum  have  been 
reported — chronic  mediastinitis.' 

Tumors. — The  most  common  form  of  new  growth  in  the  mediastinum  is  that 
known  by  the  names  of  lynip/imaa,  lympho-xircoma.  and  lymph-adenoma. 

These  tumors  are  conflne<l  to  the  mediastinum,  or  they  are  associated  with  similar 
growths  in  other  parts  of  the  body  in  tbe  disease  called  "pseudo'leukasmia."  Persons 
between  the  ages  of  twenty  and  thirty  years  seem  to  be  the  most  liable  to  the  growth, 
but  it  is  also  not  uncommon  in  children. 

It  begins  in  the  lymph  nodes  In  the  mediastinum,  and  at  the  i-oot  of  the  lung. 
It  increases  at  first  slowly,  then  more  rapidly,  and  gradually  inllltrates  the  adjoining 
tissues.  In  this  way  the  walls  of  the  trachea,  bronchi,  and  aorta,  the  pericardium,  the 
pleura,  and  the  lung,  become  infiltrated  with  compression  of  the  surrounding  organs. 

The  growth  is  composed  of  a  fibrous  stroma  associated  with  small  round  cells,  the 
relative  quantity  of  cel^  and  stroma  varying  in  the  different  cases. 

Besides  this  form  of  tumor  there  may  also  occur  in  the  mediastinum  tumors  similai 
to  those  which  grow  in  tbe  pleura  and  beliind  the  periloneiim — tumors  which  resemble 
both  the  sarcomata  and  carcinomata,  and  which  it  is  diificult  1o  classify.  Al>errant 
thyroid-gland  tissue  may  be  found  in  the  mediastinum. 

Complex  tumors  belonging  among  tbe  f(ctal  inclusions  or  teratomata  are  of  occa- 
sional occurrence  in  the  anterior  mediastinum,'  They  may  contain  bone,  cartilage,  con- 
nective tissue,  muscle,  hairs,  skin,  etc.  Cysts  sometimes  lined  with  ciliated  epithelium 
may  form  in  such  tumors.* 

'  For  tuberculous  lesions  of  the  tracheo'bronchial  lymph-nodes  see  reference,  p. 
443- 

'Wkipbam,  Lancet,  1889,  vol.  i.,  pp.  882,  947,  bibliography. 

'See  Ma/ullfbdum.  Am.  Jour.  Med,  Sciences,  vol.  cxx..  p.  64,  19C0. 

'Covaultffare.  "Tumors  of  the  Mediastinum, "  Philadelphia,  1689;  also  Zakn,  Vlr- 
cliow's  Archir,  Bd.  cxlili.,  pp.  170  and  416,  1896;  also  LohriKk,  Lubarsch  and  Oster- 
tog's '■Ergebiiissi'."Jahrg.  vii.,  1900-1901,  p.  913,  bibliography. 
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CHAPTER  VII. 

THE  CIQESTIVE  SYSTEM. 


KalfDrmatiDiis. 

MALPORMATtoira  of  tbe  lips  aod  cliNkanrc  usually  associated  with  defective  forma 
tlon  of  the  bones  of  the  mouth.  The  entire  process  is  gt'Oenilly  due  to  an  arrest  of  de- 
velop men  t. 

1.  The  lower  Jaw  is  absent;  the  upper  jaw  and  hard  palate  are  small  and  imper- 
fectly formed ;  the  temporal  bones  nearly  touch  in  the  median  line.  The  lower  part  of 
the  face  is.  therefore,  wanting;  Ihc  mouth  is  abBent,  or  small  and  closed  posteriorly; 
the  tongue  is  absent.     Such  a  TualformatioQ  is  rare ;  the  fcttus  is  not  viable. 

3.  The  faourcmaiDS  in  itsearlyfretat  condition  of  a  largecleft;  the  mouth  and  nose 
form  one  cavity :  the  orbits  may  be  united  in  the  same  cavity.     The  foetus  is  not  viable. 

8.  There  Is  a  cleft  in  the  upper  lip,  upper  jaw,  and  hard  patato.  The  cleft  corre- 
BpoDds  to  the  point  of  jkiDctioD  of  the  processes  of  the  superior  maxilla  with  the  inter- 
nwxillary  bone.  There  may  be  one  cleft  or  two,  one  on  either  side  of  the  iDtermaxillary 
bone.  The  cleft  involves  the  lip  alone,  or  the  lip  and  superior  maxilla,  or  the  lip,  max- 
illa, and  palate.  There  may  be  a  single  or  a  double  cleft  in  the  palate,  and  the  cleft 
may  involve  cither  the  liard  or  soft  palate,  or  both.  If  there  are  two  clefts  of  the  lip 
and  maxilla  tlie  portion  of  lip  and  bone  between  them  may  be  small,  or  entirely  absent 
so  as  to  leave  a  large  open  apace.  The  soft  palate  may  be  entirely  absent.  This  is  a 
common  malformation  and  doen  not  endanger  life. 

4.  Karely  we  find  a  cleft  involving  the  middle  of  tlie  lower  lip,  and  sometimes  ex- 
tending into  the  inferior  maxilla. 

5.  Either  the  inferior,  thcsuperior,  orboth  maxillary  bones  may  be  abnonnally  small. 
8.  The  edges  of  the  lips  may  be  partly  or  completely  joined  together.    Tlie  open- 
ing of  the  mouth  may  be  only  a  round  hole. 

7.  The  lips  may  be  absent  or  imperfectly  developed. 

8.  The  comers  of  the  mouth  may  he  prolonged  by  clefts  in  the  cheeks  nearly  to  the 


TTTPT.AWM-ATTnw     (Stomatitia.) 

Catarrhal  Stomatitii  is  most  frequent  in  children  and  occurs  ^tb  a 
great  variety  of  local  and  general  disturbances. 

During  life  the  congestion  and  swelliug  of  the  mucous  membrane  may 
t)e  well  marked  and  there  are  often  white  patches,  produced  by  the  death 
of  the  superficial  epithelial  cells.  There  may  he  an  increased  production 
of  mucus,  or,  iustead  of  this,  the  entire  mucous  membrane  is  unnaturally 
dry.  In  addition  to  hyperiemia  and  local  cedema  there  may  be  prolifer- 
ation, exfoliation,  and  degeneration  of  the  epithelium. 

Extravasated  leucocytes  may  infiltrate  to  a  moderate  degree  the 
stroma  of  the  maeous  membrane  and  appear  upon  its  surface.     Small, 
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clear  vesicles  may  form  beneath  the  epitheliam  from  the  collection  of 
serons  exudate. 

Cronpoofl  Stomatitis  is  incited  by  local  irritants,  by  local  infection,  or 
by  the  extension  of  the  same  form  of  inflammation  from  the  pharjux ;  it 
frequently  occurs  vith  diphtheria  and  other  infectious  diseases. 

Portions  of  the  mucous  membrane  are  swollen  and  congested,  and 
covered  with  a  false  membrane.  This  false  membrane  is  composed  of  a 
thickened  layer  of  epithelium  in  the  condition  of  copulation  necrosis, 
and  of  fibrin  and  pus  in  variable  relative  quantity.  The  stroma  of  the 
mucous  membrane  may  be  infiltrated  with  pus  and  fibrin,  and  portions 
of  it  may  become  necrotic. 

Aphthous  Stomatitis.— In  this  condition  small  whitish  projecting 
patches  surrounded  by  a  zone  of  hj-penemia  may  form  upon  the  mucous 
membrane.  These  consist  of  a  more  or  less  fibrinous  exudate  beneath 
the  epithelium  which  may  exfoliate,  leading  small  ulcers. 

UlceratiTe  Stomatitis. — This  form  of  stomatitis  is  apt  to  occur  in  ill- 
nourished  children  or  in  young  adults,  in  scurvy,  or  in  mercurial  poison- 
ing. It  usually  begins  at  the  margin  of  the  gums  of  the  lower  jaw  and 
extends  to  the  cheeks  and' tongue.  The  affected  parts  are  swollen  and 
coated  with  a  grayish,  soft  pellicle  composed  of  bacteria  and  necrotic  tis- 
sue. The  gums  may  be  destroyed  around  the  teeth,  and  these  may  fall 
out.  The  surrounding  soft  parts  are  swollen,  and  there  may  be  necrosis 
of  the  jaws. 

In  Homa  or  Gangrenous  Stomatitis  similar  changes  may  be  associated 
with  extensive  gangrenous  destruction  of  the  cheeks.  This  most  often 
occurs  in  young  children  in  connection  with  uieasles,  scarlatina,  or  ty- 
phoid fever.  It  has  been  claimed  that  a  special  micro-organism  is  the 
excitant  of  this  disease,  but  this  has  not  yet  been  pro^'en. 

Thrash.  (Soor;  Parasitic  Stomatitis.) — In  ill-nourished  children  or  in 
adults  suffering  from  chronic  disease  a  fungus  related  to  the  yeasts — 
oidium  albicans — may  grow  among  the  epithelial  cells  of  the  mouth,  form- 
ing white  membranous  patches.  These  may  iuvolie  large  areas  of  the 
mouth  and  pharjiix  and  may  extend  to  the  tesophagus  or  upper  respira- 
tory passages. 

Fhle^monons  Stomatitis.— Exudative  inflammation  of  the  mouth  may 
result  from  infected  wounds,  in  connection  with  erj'sipelas  or  suppui-a- 
tive  or  other  infectious  process  near  the  mouth.  Various  pyogenic  bac- 
teria may  be  its  excitants. 

Chronic  Stomatitis. — This  may  follow  acute  catarrhal  or  other  inflam- 
matory processes,  and  may  be  due  to  persistent  irritation,  for  example, 
from  the  use  of  tobacco.  Owing  to  hyt)erplasia  of  the  epithelium  and 
submucous  tissue  white  patches  of  varying  extent  may  form  on  the 
tongue  or  elsewhere — leucoplakia  buccaJis.  These  through  excessive  in- 
crease in  the  epithelium  may  project  in  wart-like  form  from  the  surface 
— ichthyosis. 

Tuberculous  Stomatitis  commences  with  the  formation  of  miliary 
tubercles  or  of  larger  tuberculous  masses  in  the  stroma  of  the  mucous 
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membraue.      These  masses  soon  degenerate,   softeu,  and  form  razeed 
lUcors. 

Syphilitic  Stomatitis. — As  a  result  of  syphilis  there  may  be  produced 
either  the  so-called  mucous  patches  or  gummy  tumors.  In  the  mucous 
patches  the  epithelial  layer  is  at  first  thickened  and  the  papillse  of  the 
stroma  are  swollen  and  infiltrated  with  cells  (see  Fig.  128,  page  257  and 
Fig.  129,  page  258),  This  may  be  followed  by  desquamation  of  the 
epithelium  and  ulceration. 

Fibroma,  lipoma,  and  encbondroma  have  been  seen  in  a  few  cases  in  the 
lips.     Wlien  they  appear  in  the  mouth  they  usually  grow  from  the  bones. 

Papilloma  occurs  most  freiineiitly  at  the  edges  of  the  lips,  but  is 
also  found  on  the  gums,  the  floor  of  the  mouth,  and  the  cheeks.  They 
are  formed  of  hypertrophied  papillte,  covered  with  thickened  epidermis. 
They  often  ulcerate.  Angioma,  either  congenital  or  developed  after  birth, 
occursia  the  lips.  Adenoma  may  be  formed  in  the  mucous  membrane 
covering  the  mouth,  lips,  and  soft  palate.  "  The  tumors  are  rounded, 
usually  small,  Hometimes  as  lai^e  as  a  hen's  egg.  They  may  be  situated 
in  the  thickness  of  the  mucous  membraue,  or  project  in  a  poIyjHJid  f orm. 

Carcinoma  is  of  frequent  occurrence  and  is  usually  of  the  epithelioma- 
tous  form.  Such  tumors  may  form  at  any  part  of  the  mucous  membraue 
of  the  mouth,  but  often  begin  in  the  edge  of  the  lower  lip  as  a  result  of 
per.sistent  irritatiou,  as  in  piiie  smukei's. 

They  may  originate  in  an  ulcerating  papilloma,  or  as  a  flat,  super- 
ficial growth  from  the  deeper  layers  of  the  epithelium,  or  as  deep  nod- 
ules starting  in  the  mucous  glands.  They  are  composed  of  large  masses 
of  epithelial  cells,  closely  packed  together,  often  forming  nests,  and 
arranged  in  anastomosing  tubular  mosses.  The  stroma  surrounding 
these  masses  is  infiltrated  with  cells.  In  a  few  eases  the  infiltration  of 
the  stroma  with  small  round  cells  may  be  \-ery  marked,  so  marked  that 
the  epithelial  growth  may  be  obscured.  The  new  growth  may  increase 
in  size,  ulcei-ate,  inflUrate  the  adjacent  tissues,  and  may  give  rise  to 
meta-static  tumors. 

Cysti. — Dermoid  cysts  and  cysts  of  the  embrj'onal  branchial  clefts 
may  iiivohe  the  mouth.  Simple  cysts  may  form  in  the  jaws  from  aber- 
ran«ies  in  the  development  of  the  teeth.  For  a  description  of  the  so- 
called  adamantinoma  see  page  'M9. 

The  Tongue. 

Halfbrmationa . 

Absence  of  the  toDgue  may  be  associfttwl  with  the  extreme  detects  of  deveiopmeat 
of  the  tact  already  meutioneil. 

The  anterior  portion  of  the  tongue  may  be  absent  while  its  base  remains.  The 
lower  jaw  is  then  small. 

The  tongue  may  be  partly  or  t-oni[iletely  adiierent  to  the  floor  of  the  mouth.    The 
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freuuluDi  ina]'  be  abnormally  short,  or  may  extern)  1o  llie  tip  of  the  lougiic.  In  rare 
cases  the  sides  of  tlie  toQgue  are  adliereui,  or  its  upper  surface  may  be  adherent  to  Uie 
roof  of  the  mouth. 


HTPEBTBOPHT  AND  INFLAHUATION. 

Macroglossia,  or  hypertrophy  of  the  tongue,  is  almost  alwaj-s  a  eou- 
geiiital  le.-jiuu,  and  is  especially  coniuiou  in  cretins.  The  tongue  may  be 
so  large  that  it  protniiles  throngh  the  lips.  The  lips  may  also  be  simi- 
larly enlarged.  There  is  hyperplasia  of  the  flbious  and  other  tissues  of 
the  tongue,  and  In  addition  to  this  there  may  be  a  dilatation  of  the  lym- 
phatic vessels. 

Injiammaiiom  of  the  tongue  may  be  associated  with  similar  changes  in 
the  mouth,  or  may  occur  by  themselves. 


Cyits. — The  most  common  forms  of  cysts  are  the  sacs  beneath  or  partly 
iu  the  substance  of  the  tongue — rouufa.  They  are  formed  by  dilatation 
of  the  duct.s  of  the  niucous  glands,  or  of  the  snhmaxillarj'  and  sublingual 
glands.     Amyloid  tnmori  of  the  tongue  have  been  reported.' 

lipoma  and  fibroma  are  rare.  They  form  nodules  in  the  substance 
of  the  tongue  or  project  in  a  polypoid  form.  Composite  tumors,  com- 
posinl  largely  of  fiit,  are  found  on  the  tongue  as  a  congenital  condition. 

Angioma. — Cavernous  vascular  tumors  are  found  in  the  substance  of 
the  tongue  and  projecting  from  its  surface. 

Sarcoma  is  not  common  in  this  situation,  but  may  occur  both  in  chil- 
dren and  iu  adults.  Carcinoma,  usually  of  the  epithelionuitous  tyi>e,  may 
origimite  iu  the  tongue  or  may  extend  to  it  from  the  adjacent  tissues. 

moBO-OKOANISlCS  IN  THE  UOTJTB. 

Micro-oi^nisms  of  various  forms— bacteria,  moulds,  and  yeasts — are 
always  present  in  the  mouth,  often  iu  enonnotts  iiumbei-s.  They  are  for 
the  most  part  not  of  significance  save  for  the  putrefactive  processes 
which  they  initiate  and  maintain  in  months  not  pr(»i>erly  cleansed.  On 
the  other  hand.  Staphylococcus  and  Sti-eptococeus  pyogenes  and  the  puen- 
mocoecus  are  of  frequent  occurrence  in  the  mouths  esi)ecially  of  those 
who  In-e  in  towns  and  crowded  dwellings,  and  while  usually  harmless, 
they  may  under  favorable  conditions  become  excitants  of  serious  disease. 

The  tubercle  bacillus  may  be  present  in  the  mouth  as  'nell  as  in  the 
nose  of  those  who  care  for  uncleanly  consumptives. 

The  fungus  of  aphthte  (soor),  and  leptothrix,  which  under  usual 
conditions  are  not  harmful,  may  incite  serious  local  disease, 

.  1806,  bibliography  of  amyloid 
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The  so-called  Mycosis  pbas-yngis  ia  appareatly  dae  to  the  growth  in 
susceptible  persons  of  a  form  of  leptothrix  not  yet  thoroughly  studied, 
on  account  of  the  techuical  difficulties  iu  the  way  of  its  artificial  cultiva- 
tion." 

The  Pharynx. 
JCalfbrmationa. 

Branchial  Fitrrvux  and  Ctstb.— When,  as  not  infrequently  occurs,  the  embiy- 
onal  gill  ricfts  do.r.ot  properly  close,  Jfa?Hi«  may  remain.  These  iim,r  in  rare  cases  be 
complete,  so  that  an  opening  exists  from  the  pltarynx,  larynx,  or  trachea  to  the  side  of 
the  neck.     More  frequently,  however,  these  llstulte  are  incomplete  and  shallow,  and 


Ib  r)ii«rt  wltb  olllalti]  epitbelliiiD 


open  cither  inwanl  Into  one  of  tiie  above-named  organs  or  outward  on  to  the  neck. 
Small  portions  of  the  gill  cli^fts  may  persist  without  external  opeuiugs.  and  from  these 
suheutaueoHS  r}/gle  of  the  neck  are  often  developed.  Or  a  portion  of  the  cleft  may  be 
cut  off,  forming  a  cyst,  while  tlie  Ustula  pemists  with  Its  external  opening. 

The  walls  of  these  iistuliE  and  cysis  may  be  covereil  with  mucous  meinbranc  having 
cylindrical  or  flattened  or  ciliated  surface  cells.  Or,  when  formed  from  the  outer  clef  is. 
they  may  be  lined  with  skin. 

Not  infrci|uently  the  walls  of  these  cysts  and  tistulte  arc  embedded  in  lymphatic 
lissiip.  which  may  be  diffuse  or  gathered  in  nodular  form  (sec  Figs,  81)8  and  HIM).' 

DiVERTicuL.Y  of  the  pharynx  liavc  been  observed. 

>  For  a  restmie  with  bibliography  of  the  baeteiia  found  in  the  mouth  as  well  as  in 
other  parts  of  the  body  under  normal  and  pathological  conditions,  see  Jffafc.  "  Bacteriol- 
ogie,"  1901,  p.  1140.  Sec  also  Madioar.  Chi  f.  Bak.,May  14th,  1903,  p.  489.  For  bac- 
teria in  the  mouths  of  nurslings  see  lAtrkoiricz,  Arch,  de  Med.  Exp,,  t.  xiii,.  1901,  p.  683. 

'  For  bibliograpliv  of  branchial  cvsts  and  fistulte  see  Coplin,  Froc.  Path.  Soc.  of 
Philadelphia,  new  sciiea,  vol.  iv.,  p.  109,  1901. 


Digitized  byGoOglC 


THE   DIGPXTIVE   8YHTEM. 


CkUrrliftl  Pharyi^tis  is  uHaally  associated  with  the  same  forms  of 
inflammation  in  the  mouth  aud  has  similar  characters. 

lu  catarrhal  inflammation  involving  the  tousils  and  those  portioiis  of 
the  pharynx  richly  supplied  with  the  so-called  submucous  adenoid — 
lymphoid — tissue,  leucocytes  muy  in  considerable  numbers  pass  through 
the  thin  epithelial  layer  aud  mingle  with  the  exudate  upon  the  exposed 
surface. 

In  chrouic  iuflammatiou  of  the  pharynx  there  may  be  a  large  and 
permanent  hyperplasia  of  the  lymphoid  tissue,  with  more  or  less  dense 
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fibrous  tissue,  leading  to  diffuse  or  circumscribed  nodnlar  or  peduncu- 
lated nuisses  of  vascular  lU'w  tissue  in  the  ^anlt  or  elsewhere  in  the 
pharynx,  oalled  "aden<^id^4." ' 

Fhlegmonons  PharyngitiB  may  occur  irith  inflammations  of  the  mucous 
membniue,  with  caries  of  llie  cer%'ical  vertebrae,  with  inflammation  of 
the  cervical  and  parolid  glands,  with  periostitis  of  the  crimial  bones,  or 
it  may  occur  independently.  It  may  result  in  swelling  and  cedema,  in 
induration,  or  in  suppuration.  It  is  most  important  when  it  aflTects  tlie 
posterior  wall  of  the  pharynx  and  forms  retropharyngeal  abscesses. 
Such  absces.ses  may  cause  dciith  by  suffocation. 

Diphtheritic  Fharyn^tifl  is  that  form  of  pseudo -membranous  or  cmup- 
oua  inflammation  of  which  the  Bacillus  diplitlieriie  is  the  excitant.  The 
general  characters  of  the  diphtheritic  infection  have  l)eeu  considered  in 
an  earlier  part  of  this  book.     The  local  process  often  affecting  the  fauces, 

'  Fit  a  Blu(iy  of  tlip  uvula  In  vurimiB  abuornift!  comliliODS  see  Boen,  Jour  Esp 
Me.1..      ■"    -~" 
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pharynx,  and  tonsils,  may  involve  the  mouth  as  well  as  the  larjnx  and 
trachea.     (For  details  of  the  locjil  lesion  see  page  259.) 

TonailUtis. — The  tonsils  may  share  in  the  inflammatory  processes  of  the 
pharj'us  or  be  independently  affected.  The  structural  characters  of  the 
tonsils  render  thera  liable  to  infection  and  involve  certain  peculiarities  in 
the  lesions.' 

In  Folliculab  Tonsillitis  the  swollen  organ  shows  upon  section  an 
increase  in  the  uumt)er  of  the  lymphoid  cells  of  the  nodules  and  an 
hyperplasia  of  the  endothelium  of  the  reticulum.  These  new-formed 
and  often  exfoliated  endothelial  cells  are  similar  to  those  found  in  the 
lymph-nodes  in  general  in  the  presence  of  bacterial  or  other  toxic  sub- 
stances. There  may  be  an  increase  in  the  cells  of  the  stroma  of  the  ton- 
sil. The  epithelial  cells  of  the  surface  and  the  cr>-pts  may  increase  in 
number  and  exfoliate.  Epithelial  cells  and  leucooj-tes  and  other  forms 
of  exudate  may  gather  in  the  crypts  or  over  the  surface  of  the  tonsil, 
forming  white  plugs  or  a  whitish  pellicle." 

In  Exudative  Tonsillitis  (suppurative  or  phlegmonous  tonsillitis, 
quinsy)  there  are  in  addition  to  hyperplasia  and  catarrhal  inflammation 
cedematous  swelling  and  suppuration  often  leading  to  abscess. 

Acute  inflammation  of  the  pharj-nx  and  tonsils  is  usually  infectious 
in  character,  and  may  be  due  to  various  forms  of  pyogenic  and  other 
oi^nisms.  Thus  in  tout^illitis  and  other  forms  of  acute  angina,  the  most 
common  micro-organisms  concerned  are  Streptococcus  and  Staphylo- 
coccus pyogenes,  the  pneumococcus,  and  the  Micrococcus  tetragenus. 
Many  other  forms  have  been  isolate<l,' 

In  Chronic  Tonsillitis  (the  so-called  hypertrophy  of  the  tonsils) 
there  is  hyperplasia  of  the  lymph-nodules  with  increase  in  the  fibrous 
stroma.  The  mouths  of  the  crypts  may  be  occluded  and  distended  with 
exfoliated  cells  and  cell  detritus;  these  may  become  calcified.' 

TubercoloiiB  Pharyngitis. — Tuberculous  inflammation  of  the  pharynx 
may  be  primarj'  or  secondary  to  tuberculous  lesions  elsewhere ;  ulcers 
may  form  and  the  ton.sils  may  be  involved. 

The  hyperplasiffi  of  the  pharyngeal  mucosa  in  children,  commonly 
called  "adenoids,"  have  been  found  in  a  considerable  number  of  cases  to 
be  tuberculous.  Whether  in  these  instances  the  lesion  is  tuberculous  in 
origin  or  whether  the  hyperplastic  tissue  affords  a  portal  of  entry  and 
local  vulnerability  to  infection  by  the  tubercle  liacillus  is  not  yet  clear.' 

s,  (Esophagus,  etc.,"  Ziegler's 


pp.  914,  957. 
'  Consult ' 

p.  899,  1899,  bibliogmphv ;" 

Soc.  Bled.  Sciences,  vol.  tii..  p.  oo,  ip»». 

'For  resume  of  tonsillar  culculi  with  bibliography  see  Robinson,  British  Bled.  Jour., 
1899.  vol.  1.,  p.  14. 

'  For  a  study  of  hyperplasia  of  the  pharyngeal  lympJioid  tissue  (sdcnoidB)  with 
reference  to  primary  tubereiilusis  of  the  pharyngeal  tonsil  see  Ltirtigau  and  Hici/tl.  Am. 
Jour.  Bled.  Be.,  vol.  cxxill.,  1902,  p.  1031,  bibliography. 

Also  for  a  study  of  the  lonsils  us  jiortals  of  entry  of  tubercle  bacilli  Bee  v.  Hcheiber, 
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The  possibility  should  be  boroe  iu  miud  that  from  tiibercnloos  "ade- 
noids" tubercle  bacilli  may  pass  through  the  lymph -chauuels  to  the 
broDchial  lymph-nodes,  and  that  the  pharynx  may  thAs  be  a  more  impor- 
tant portal  of  entry  in  tuberculosis  than  has  been  hitherto  recognized. 


Fibromata  grow  from  the  periosteum  of  the  bones  at  the  base  of  the 
skull,  and  project  into  the  cavity  of  the  pharynx  and  posterior  uares  in 


Fia.  aos.— ■■  ADKXorD '■  Polyp  of  Fhahtnk. 

the  form  of  large  polypoid  tumors.  Soft  polypoid  tumors,  coDBistiug 
largely  of  loose  succulent  connective  tissue  and  lymphatic  tissue  and 
often  called  "adenoid  polyps"  (see  Fig.  305),  are  of  frequent  occurrence. 
They  are  usually  to  be  regarded  rather  as  hyperplasisE  than  true  tumors. 
Hairy  polyps  of  the  pharj'ux  have  been  described  by  Arnold '  and  others. 

Ziegler'a  Beitr.,  Bd.  Txvi.,  p.  611.  1899;  also  Fnedemann,  ibid..  Bd.  Txviii.,  p.  66,  1900. 
Also  bibliography  in  Wooa.  Bull.  Univ.  Peana.,  vol.  xvi.,  1908,  p.  866.  See  also  ref- 
erence to  Grober.  p.  486. 

For  general  bibliography  on  the  tonsils  sec  Vllman,  Medical  News,  JEUiuary  a6tb, 
IBOl,  p.  137. 

'  Arnold,  Virchow's  Arcb.,  Bd.  cxi.,  p.  176,  bibliography. 
34 
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The  occurrence  of  cartil^e  aud  bone  in  the  tonsil  has  been  described  by 
Stoeltzner. 

Sarcoma,  carcinoma,'  and  various  tumors  of  muced  type  are  of  fre- 
quent occurrence  in  the  pharynx.' 

The  (Esophagus. 

Ualformationa. 

Tbe  <£Bophagus  may  be  entirely  absent,  or  its  lower  portion  may  be  present  and 
joined  to  the  pharynx  by  a  solid  cord :  or  the  pliaryax,  or  the  lower  part  of  the  cesoph- 
agus,  may  be  continuous  with  the  trachea;  or  the  entire  cesophagus  may  be  represented 
by  a  solid  cord.  Dilatations  of  the  (esophagus  and  division  of  the  middle  portion  of  the 
(esophagus  into  two  brancties  have  been  observed. 

FEBFOKATIOIT  AKD  BUPTUBE. 

Foreign  bodies  in  the  oesopliagus  may,  as  already  mentioned,  perfo- 
rate its  wall.  Perforation  of  the  oesophagus  from  without  may  be  pro- 
duced by  iuflamed  bronchial  glands,  by  the  extension  of  cavities  and 
gangrene  of  the  lungs,  by  abscesses  in  the  mediastinum,  by  abscesses 
accompanying  caries  of  the  vertebne,  aud  by  aneurisms  of  the  aorta. 
Rupture  of  the  wall  of  the  cesophagus  by  violent  coughing  and  vomiting 
has  been  described,  but  it  seems  improbable  that  this  sliould  occur  with- 
out some  previous  local  lesion.'  A  few  cases  of  perforating  ulcer  of  the 
cesophagus  have  been  recorded. 


Aside  from  injuries,  ulceration,  etc.,  hipmorrhage  may  take  place 
from  the  veins  of  the  (esophagus,  which,  especially  in  atrophic  cirrhosis 
may  be  much  dilated.' 

DILATATION. 

Simple  Cylindrical  DUatatiouB  of  the  cesophagus  are  usually  the  result 
o£  long-continued  stenosis  of  the  cesophagus  or  of  the  cardiac  end  of  the 
stomach,  although  not  nearly  all  the  stenoses  are  followed  by  dilatation. 
These  dilatations  are  formed  at  first  immediately  above  tlie  stenosis  and 
then  extend  upward.  Dilatation  may  occur  below  the  stricture.  Only 
in  rare  cases  does  the  dilatation  Involve  the  whole  length  of  the  tube. 
The  entire  wall  of  the  dilated  portion  of  the  oesophagus  is  thickened,  and 
there  may  be  polypoid  growths  from  the  mucous  membrane. 

For  a  study  of  cardnoma  originating  in  the  branchial  cleft  see  Poieeri,  Annala  of 
— .  February,  1898. 

-  literature  of  malignant  disease  of  tbe  tonsils  consult  Nttttman.  Am.  Jour.  Med. 


Surgen-, 


Sciences,  vol.  ciii.,  p.  487.  18fl2:  eXso  Houaell.  Beitr.  /ur.  klin.  Chlrurgie,  Bd.  xiv. 

'  For  a  study  of  rupture  of  resopliagus  see  Mc  Weeney,  lancet,  1900,  vol.  ii.,  p.  1 
bibliography. 

*  See  iVeWe,  Am.  Jour.  Med.  Sciences,  vol.  cxix.,  p.  268,  1900. 
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In  rare  cases  there  is  cylindrical  dilatation  of  part  or  of  the  whole  of 
the  ceaophagus  without  a  stenosis  or  any  discoverable  cause.  In  these 
cases  the  dilatation  is  usually  greatest  near  the  middle  of  the  oesophagus 
and  diminishes  upward  and  downward,  so  that  the  cesophagus  has  a  fusi- 
form shape.  The  dilatation  may  reach  a  very  considerable  degree,  the 
walls  of  the  cesophagus  are  thickened,  its  mucous  membrane  may  be 
covered  with  papillary  outgrowths  or  ulcerated. 

The  Saocnlated  Pilatatioiu  of  the  cesophagus  are  of  two  kinds:  those 
due  to  pressure,  and  those  due  to  traction. 

The  dilatations  due  to  pressure  are  situated  in  the  posterior  wall  of 
the  pharj-ux,  just  at  its  junction  with  the  oesophagus.  The  smaller  sacs 
are  from  the  size  of  a  pea  to  that  of  a  hazelnut ;  the  larger  sacs  may 
reach  a  large  size  and  hang  down  between  the  cesophagus  and  the  ^erte- 
bral  column,  the  opening  into  the  cesophagus  remaiuing  comparati^'ely 
small.  It  is  supposed  that  a  limited  area  of  the  wall  of  the  oesophagus 
loses  its  power  of  resistance  against  the  pressure  exereised  upon  it  in 
each  act  of  swallowing ;  it  then  is  forced  outward  by  the  pressure,  and 
so  there  is  formed  first  a  protrusion  and  then  a  sac.  When  a  sac  is 
formed  the  food  enters  it,  accumulates  there,  and  the  sac  becomes  larger 
and  larger. 

The  dilatations  due  to  traction  are  situated  on  the  anterior  wall  ol 
the  (esophagus,  at  a  point  nearly  corresponding  to  the  bifurcation  of 
the  trachea.  They  are  of  funnel  shape,  with  the  small  end  outward. 
Their  length  varies  from  two  to  twelve  millimetres;  the  width  of  the 
opening  into  the  cesophagus  is  from  six  to  eight  millimetres. 

These  dilatations  are  due  to  inflammation  of  the  parts  adjoining  the 
cesophagus,  especially  of  the  bronchial  nodes,  followed  by  adhesions  to 
some  part  of  the  anterior  wall  of  the  (esophagus.  These  adhesions  then 
contract  and  draw  the  wall  of  the  cesophagus  outward,  and  in  this  way 
the  dilatations  are  formed. 

At  a  later  time  these  sacs  may  perforate  into  the  bronchi,  the  lungs, 
the  pleural  cavity,  the  pericardium,  the  aorta,  or  pulmonary  artery.' 


Congenital  Btenoaia. — Besides  the  defects  of  development  of  the  cesoph- 
agus which  are  incompatible  with  life,  there  may  be  a  congenital  stenosis 
of  some  part  of  it  which  causes  difficulty  in  swallowing,  but  yet  does  not 
destroy  life. 

Compregsion  St«noBis  is  not  uncommon.  Tumors  of  the  neck  and 
mediastinum,  and  aneurisms  of  the  aorta  are  the, usual  causes. 

Obstruction  StenniB. — Foreign  bodies  may  be  lodged  in  the  oesophagus. 
Tumors  may  hang  down  from  the  pharynx  into  the  cesoph^jus,  or  may 
be  situated  in  the  wall  of  the  (esophagus.     Inflammation  of  the  cesopha- 

'  For  bibliography  of  ccsophageal  diverticula  8ee  JSnwrA,  Deulsch.  Arch.  f.  klin. 
Med..  Bil.  Ixvii.,  p.  44.  1800;  also  SUirek.  Arch.  f.  VerJkr..  Bd.  vii.,  1901,  p.  1. 
For  later  casts  see  fyif'.  Trans.  Assn.  Am.  Phjs.,  vol,  xvi,.  lUOl,  p.  656. 
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gna,  dae  to  the  iogestion  of  irritating  poisons,  may  iudnce  cicatricial 
BtenoBis.  A  few  cases  of  stenosis  due  to  syphilitic  inflammation  have 
been  reported. 

ZNTLAHMATION.    (GBaophagitU.) 

Catarrhal  (Eaophagitia  may  be  either  acute  or  chronic.  The  chronic 
form  may  lead  to  ulceration,  or  relaxation  and  dilatation  of  the  walls, 
or  to  hypertrophy  of  the  muscular  coat. 

Pundo-HembranooB  (Euphagitis  may  occur  with  a  similar  process  in 
the  pharynx,  with  the  exanthemata  and  other  severe  diseases,  or  under 
other  conditions.  It  may  be  diphtheritic  in  character  or  due  to  other 
excitants  than  the  diphtheria  bacillus. 

Tuberonlona  (Esophagitis  may  occur  in  generalized  miliary  tuberculosis 
or  by  local  infection  from  tuberculous  sputa,  either  with  or  without 
obvious  predisposing  local  lesion,  or  through  an  exteuslon  of  a  tubercu- 
lous process  from  adjacent  structures.     Ulceration  is  apt  to  occur." 

Other  Forms  of  Inflammation  of  the  (Eaophsgiu. — Foreign  bodies  which 
are  swallowed  and  become  fixed  in  the  cesophagus  may  incite  inflamma- 
tion of  the  mucous  membrane  and  of  the  adjoining  soft  parts.  Absces.'^es 
may  form  around  the  oesophagus,  or  destroy  the  wall  of  the  canal,  aud 
the  foreign  body  may  find  its  way  iuto  the  trachea,  aorta,  or  pericardium. 

Inflammation  of  the  submucous  tissue  of  the  (esophagus,  apart  from 
the  cases  just  mentioned,  is  not  common.  It  may  result  in  abscess  or 
the  formation  of  fibrous  tissue,  causing  stenosis. 

Irritating  and  caustic  acids  and  alkalies  may  destroy  larger  or  smaller 
portions  of  the  mucous  membrane.  The  necrosed  portions  are  of  a  black 
or  whitish  color,  surrounded  by  a  zone  of  intense  congestion.  If  the  pa- 
tient recover,  the  patches  of  membrane  which  have  been  destroyed  slough 
and  fall  off,  leaving  a  surface  covered  by  granulatiou  tissue.  As  this 
assumes  cicatricial  characters  and  coutracts,  serious  stenosis  of  the 
<esophagus  may  be  produced. 


Small  Fapillomata  may  occur  singly  or  in  considerable  uumhers 
throughout  the  entire  length  of  the  cesophagus.  Large  papillary  tumors 
are  more  rare.  Small  submucous  fibromata  and  lipomata,  and  leiomyomata 
of  considerable  size  may  occur  in  the  (esophagus.  Sarcomata  are  rare.* 
Adenomata  have  been  observed. 

Carcinoma  may  originate  at  any  part  of  the  wall  of  the  pharynx  and 
CESOph^iis.  The  tumor  may  encircle  the  tube;  it  may  remain  as  s  flat 
infiltration  (Fig.  300),  Or  project  inward  in  large,  fungous  masses.  In 
either  case  it  is  prone  to  ulceration.  The  growth  may  extend  up  and  down 
the  cesophagos,  and  even  involve  the  pharynx  or  stomach.     The  ulcerative 

'  For  bibliography  of  tuberculous  ixsapliagitls  see  Fterjier.  Jobna  Hopkins  Hospital 
Bulletin,  vol.  iv..  p,  4,  1893;  ami  also  Cone.  ibid.,  vol.  viif.,  p.  329,  1897. 

<  Litingood,  Jolins  Hopkins  Hosp.  Bull.,  vol.  ix.,  p.  159,  1898,  bibllograpby. 
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process  may  extend  outward  ko  as  to  lead  to  perforation  into  the  air 
passages,  tbe  lungs,  pleune,  pericardium,  and  large  blood-vessels.  The 
new  growth  may  extend  outward  and  inHltrate  the  surrounding  soft  pai-te, 


so  that  the  <ESophagus  is  surrounded  by  large,  solid,  cancerous  masses. 
Metastatic  tumors  are  also  sometimes  formed. 

Cyatfl. — Small  retention  cysts  of  the  follicles  of  the  mucous  membrane 
are  sometimes  found.  Lar;;ei'  cysts  of  the  oesophagus  lined  with  ciliated 
epithelium  have  been  desciibed.' 


The   Stomach. 

ICaltormatioikB. 

SlalfonnatioDS  of  the  stoniach  are  not  cnninioD.  Tlie  organ  may  be  entirely  want- 
Id);  in  acephaloiia  ftettises.  Il  may  be  of  various  <li'grei'a  of  sniallucsa,  sonietimes  no 
larger  tliau  the  duodenum.  It  may  be  divided  into  two  lialvea  by  a  deep  uiDstricliOD 
in  the  middle.  Tlie  pyloric  orifice  may  be  stenosed  or  entirely  closed.  The  stomach 
may  be  outside  of  the  abdominal  cavity  from  a  hernia)  priitrusioii  througli  tlic  <lia' 
plirugm  or  at  some  point  in  the  abdominal  wall.  It  is  found  on  the  right  side,  instead 
of  the  left,  when  the  other  viscera  are  transposed,  and  Ihc  position  of  the  cardiac  and 
pyloric  orifices  is  correspondingly  inverted. 

Congenital  stenosis  of  the  pylorus  in  infants  is  of  occasional  occurrence.  It  is  com- 
monly due  to  flbrous  liyperplnsia  of  tlic  suhmucosa,  sometimes  involving  the  internal 
muscular  layers,' 

'  For  recent  bibliography  of  lesions  of  a'sophagua  see  Tliorel,  Lubarsch  and  Oster- 
tag's  "Ergebniase."  Jahrg.  v,  for  1808,  p,  128. 

'See  Mellz'-r.  Xew  York  Med.  Record,  August  20Ui.  1898,  bibliography:  also  Bol- 
UUonan'i.  Urofton-Atkiiii,  British  Med.  .Jniir.,  1900,  vol.  ii.,  p.  1768. 
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Oadavcoric  Ohaiig«B. 

The  mucous  membmne  of  the  stomach  is  liable  to  undergo  considerable  alteratiotu 
soon  after  death  ovlng  to  changes  in  tlie  distribution  and  composition  of  the  bJood  and 
to  the  action  of  the  digestive  fluids.  The  blood  is  apt  to  collect  In  the  small  veins, 
especially  at  the  fundus,  while  by  diffusion  of  the  coloring  matter,  red  or  brown  or 
black  streaks  and  patches  form  in  the  mucous  membrane. 

Those  portions  of  the  mucosa  on  which  the  food  and  digestive  fluids  collect,  usually 
at  the  fundus  and  on  the  posterior  aspect  of  the  stomach,  frequently  appear  gray,  tur- 
bid, and  are  soft,  and  are  easily  rubbed  off.  The  epithelium  in  these  regions  is  unusu- 
ally granular  or  disint«grated,  and  is  often  detached.  Sometimes  this  post-mortem 
softening  involves  tbe  entire  thickness  of  the  stomach  wall,  which  is  converted  into  a 
gray  or  yellow  or  brown  gelatinous  pulp.  Thus  targe  or  small  post-mortem  perfora- 
Uona  may  occur.  ^ 

INJUBIES. 

Perforating  ■wonnde  of  the  stomach  usuaHy  give  rise  to  a  fatal  perito- 
nitis. It  is  pofisible,  however,  for  the  wouncl  to  heal,  or  a  gastric  fistula 
may  be  formed. 

Bnptore  of  the  stomach  may  be  produced  by  severe  blows  or  falls. 


ELSUOBBHAaB. 

Small  extravasations  of  blood  iu  the  wall  of  the  stomach  are  fre- 
quently found  in  persons  who  have  died  from  one  of  the  infectious  dis- 
eases. 

Hsemorrhage  into  the  cavity  of  the  stomach  may  occur  in  a  variety 
of  ways.  It  may  take  place  from  injuries  or  poisons;  from  ulcers  or 
carcinoma ;  from  rupture  of  small  aneurisms  of  the  stomach,  or  from  the 
rupture  into  the  stomach  of  aneurisms  elsewhere.  It  may  occur  in  in- 
fectious diseases,  especially  in  yellow  fever,  or  in  diseases  of  the  blood. 
It  may  be  associated  with  passive  congestion  of  the  stomach  in  hepatic 
cirrhosis  of  the  liver,  obstruction  of  the  portal  vein,  chronic  disease  of 
the  heart  and  luug ;  with  an  enlarged  spleen  and  in  chronic  gastritis.  In 
the  new-born  and  young  infants  hfemorrhage  into  the  stomach  not  infre- 
quently occurs  without  apparent  lesions  which  would  account  for  it ;  or 
there  may  be  ulcers  of  the  mucous  membranes,  or  cardiac  disturbances, 
or  infection.  While  the  source  of  hemorrhage  into  the  stomach  is  often 
evident,  in  many  cases  none  can  be  discovered.  Considerable  bleeding 
can  evidently  take  place  by  diapedesis  in  congested  vessels. 

Some  cases  of  chronic  gastritis  are  characterized  by  general  bleeding 
from  the  mucous  membranes  of  the  stomach. 


Digitized  byGoOgIC 


THE   DIGESTIVE  SYSTEM, 


ATBOFHT  AND  DSaENE&ATIOir. 

Atrophy  of  the  stomach  occurs  in  a  variety  of  cachectic  conditiotis, 
in  chronic  inflammation,  and  in  stenosis  of  the  cardiac  orifice. 


FlO.   307.— FlTTT    DiaSNEHlTION    Or   TBI    EFnHILrCM    Of   THI    GASTRIC    TCBUUS    IH    PHOSPBOEES 

Albnininona  Deg^eneration  of  the  epithelium  may  occur  in  infectious 
diseases  and  in  inflammation  of  the  stomach. 

Fatty  Degeneration  is  often  associated  with  arsenic  and  phosphorus 
poisoning  (Fig.  307). 

Amyloid  Degeneration  of  the  small  vessels  is  associated  with  a  similar 
process  in  other  parts  of  the  body. 


IN7LAM1CATX0N.    (Oaatrltis.) 

Acute  Catarrhal  Oaatritia  is  nsnally  due  to  the  ingestion  of  irritating 
decomposing  or  infectious  substances  and  may  accompany  general  infec- 
tious diseases. 

After  death  the  mucous  membrane  may  be  congested  and  swollen, 
or  the  congestion  may  have  disappeared.  The  mucous  membrane  is 
coated  with  au  increased  amount  of  mncus,  especially  at  the  pyloric  end 
of  the  stomach. 

The  structural  changes  in  the  mucous  membrane  consist  chiefly  in 
swelling  and  albuminous  degeneration,  and  sometimes  exfoliation  of  the 
epithelium  with  an  inci'ease  in  the  production  of  mucus  by  the  cylindrica] 
e«lls  (Fig.  308),  while  the  iutertubniar  tissue  and  the  submucosa  may  be 
cedematous  and  contain  a  few  emigrated  leucocytes.  The  solitary  lymph- 
nodules  may  be  enlai^ed  from  byperplasia  aud  hiemorrhagic  erosions 
may  be  present. 

Chronic  GaitritiB.— This,  with  the  continuance  of  the  exciting  condi- 
tions, may  follow  the  acute  form.  It  is  often  associated  with  the  persis- 
tent use  of  alcohol,  with  ulceis  and  carcinoma,  with  venous  congestion 
from  heart  lesions,  cirrhosis  of  the  liver,  obstruction  of  the  portal  vein 
or  ascending  vena  cava,  or  chronic  diffuse  nephritis.  These  are  doubtless 
predisposing  conditions  rather  than  actual  excitants  of  the  disease. 
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The  Btomacb  mav  be  normal  in  size  or  hui  ill  or  dilated.     Its  inner 
surface  is  usually  covered  with  tenacious  mucus.     The  iuucouh  mem- 


malrl?  tubul<».  Tbet«  Is  a  mtislderable  fonnHUDti  of  mucui  b; 
ne  9o-cBlleil  "beaker"  fumi.  There  Is  exIollaUon  ot  epllbvlium  vri 
1  red  bluod  ckIIb,  qovere  tie  iiurtiu*  of  Ibe  miKous  membnuie. 


braiie  may  be  congested  with  minute  hferaorrhages  or  erosions  or  it  may 
be  pale  and  gray  or  pigmented  from  loinier  lifeniorrhages.     It  luaj-  be 


BbowlDR  k  BDiBlt  ponlon  ut  Lbt  new.formed  tissue  between  the  mstrlc  tubules.    There  are  man;  luge 
polylmlml  wLls  In  the  new  Itmue. 

thickeiietl  or  thinner  than  normal.  Often,  owing  to  irregular  thickening, 
it  pi-ojeets  in  pliices  in  the  form  of  minute  granules,  or  it  Is  irregular- 
ly roughened — ^at  mnmelonne^or  thei*  may  be  distinct  polypoid  out- 
growths.    These  alterations  are  usually  most  marked  in  the  pyloric  re- 
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gion.     Microscopical  exaiuiiiation  shows  alterations  varying  in  different 
parts  of  the  organ  and  in  different  stages  of  the  disease.     The  surface 
epithelium  may  be  degenerated  and  exfoliated.     Tlic  detiiched epithelium 
with  leucocytes  may  be  mingled  with 
the  mucns  covering  the  surfivce.     The 
gastric  glands  may  be  variously  al- 
tered.    They  mny  be  dilated,  or  elon- 
gated and  tortuous,  or  hyper])lastic ' 
or  atrophied;   their  epithelium  may 
be  flattened,  degenerated,  or  detached. 
The  interstitial   tissue   and  the   sub- 
mucosa  may  be  infiltrated  with  small 
spheroidal  cells  or  new-formed  lai^r 
polyhedral  cells  (Fig.  309),  and  new 
fibrous  tissue  may  form  (Fig.   310), 
thus    often    greatly    thickening   the 
mucous    membrane  and  causing    at- 
rophy  of  the   glands.     The  lymph- 
nodules  at  the  ba.se  of  the  glands  may     showmir iii-w-fonn«i  nbrous dssih ixiween it* 
be  enlarged  from   hyperplasia.      On  gMiMt  tubuie*. 

the  other   hand,    the    mucous  mem- 
brane, as  contraction  takes  place  in  the  new-fonned  interstitial  tissue, 
may  undergo  great  atrophy  (Fig.  311),  so  that  it  is  pale,  thin,  often  gray 
in  color,  with  more  or  les."*  pigmentation. 

The  formation  i>f  new  fibrous  tissue  may  later  involve  the  muscularis 
also,  leading  to  various  distortions 
of  the  stomach. 

Croupous  Qastritis  (Hembranoas 
or  Diphtheritic  Gastritis). — This 
form  of  gastric  Intiaumiation,  most 
common  in  children,  may  t>e  as- 
sociated with  diphtheria  or  with 
other  infectious  diseases,  but  may 
occur  independe^itly.  In  adult.s 
it  is  usually  secondary  to  typhus 
fever,  pneumonia,  pyaemia,  tj- 
na  sii-iHiioMc  (fASTRdw.  phoid fever,  the exanthematn,  and 

9how1n«  awiphy  of  the  miiTOiw  nipiiibrane  wilt  much    Other   InfeCtiOUS,  and    may  folloW 

new-tctmed  nbrouii  ii»aue.  the  ingestion  of  irritant  poisons. 

The  excitants  are  thus  of  the  most 

varied  kinds,  as  is  the  case  in  pseudo-membranous  inflammation  else- 

whei'e  ill  the  body.     The  false  membrane  may  be  in  small  patches  or 

line  a  considerable  portion  of  the  stomach. 

Exudative  Osetritls  (Suppurative  or  Phlegnouons  Gastritis). — This  proc- 
ess is  characterized  by  the  formation  of  pniulent  and  other  exudate  in 
'  See  G'JH',  "  Welch  Annivoi'siiry  Contribution  a  to  the  Science  of  Medicine,"  p.  877, 
IBOO,  bibliography. 
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the  fionDective  tissue  of  the  mucosa  and  Bnbmncosa.  The  exudate  may 
be  diffuse  or  localized  in  the  form  of  abscess.  As  an  independeut  affec- 
tion it  is  rare.  It  is  more  frequent  in  coQDection  with  puerperal  fever 
and  other  infectious  diseases;  it  has  been  ascribed  to  injury. 

The  accumulation  of  exudate  may  be  slight,  the  iaterglandular  aad 
submucous  tissue  being  cedematous  with  few  pus  cells.  The  mucous 
membrane  may  under  these  couditious  remain  intact  or  show  slight  ca- 
tarrhal lesions.  When  this  relatively  slight  accumulation  of  exudate 
occurs  in  the  pyloric  region  it  may  apparently  occasion  temporary  steno- 
sis. On  the  other  hand,  a  considerable  or  large  amount  of  exudate  may 
form,  and  the  process  may  involve  diffusely  a  large  part  of  the  wall  of 
the  stomach;  or  the  process  may  be  circum^iribed  and  abscesses  may 
form.  The  suppurative  process  may  extend  to  the  mucous  membrane, 
or  to  the  serosa,  and  thus  perforations  may  occur  and  the  incitement  of 
peritonitis.  Little  is  known  of  the  direct  excitants  of  phlegmonous  gas- 
tritis. '     Streptococcus  pyogenes  has  been  found  in  the  exudate.* 

Toxic  Oastritis. — The  mineral  a«ids,  the  caustic  alkalies,  arsenic, 
corrosive  sublimate,  and  the  metallic  salts,  phosphorus,  camphor,  and 
other  irritating  materials,  induce  different  lesions  of  the  stomach,  accord- 
ing to  their  quantity,  their  strength,  and  the  length  of  time  which  has 
elapsed  before  death. 

In  lai^  quantities  they  destroy  and  convert  into  a  soft,  blackened 
mass  both  the  mucous  membrane  and  the  other  coats,  so  that  perforation 
may  take  place.  In  smaller  quantities  they  produce  black  or  white 
sloughs  of  the  mucous  membrane,  surrounded  by  a  zone  of  intense  con- 
gestion. If  death  does  not  soon  ensue,  the  ulcerative  and  cicatricial 
processes  which  follow  such  sloughs  may  contract  and  deform  the  stom* 
ach  in  various  ways. 

If  the  poisons  are  of  less  strength  they  may  induce  a  difhise  conges- 
tion of  the  mucous  membrane,  with  catarrhal  or  croupous  exudation  on 
Its  surface  and  serous  infiltration  of  the  submucous  coat  (see  chapter  on 
Poisoiis). 

TnbeTcnloua  Oaatritia  of  tlie  stomach  is  rare  and  is  usually  secondary 
to  tuberculous  lesions  elsewhere.  There  may  be  miliary  tubercles  or 
small  or  large,  single  or  multiple  ulcers  involving  especially  the  mucosa 
and  submucosa.* 

Syphilitic  Inflammation  of  the  stomach  with  ulceration  has  been  occa- 
sionally observed,' 

'  Reference  Ut  the  bibliography  of  micro-organiam  of  the  normal  stomach  may  be 
fouDd  iD  BQ  article  by  Weiti  od  "Bacteria  in  tlie  Stomach  of  the  Cat,"  Jour,  of  Applied 
Microscopy,  vol,  iii.,"  p.  837,  1900;  also  Coyon,  "Flore  microbieDnc  de  i'estomac,"  ThSse 
de  Paris,  1900,  biblingrapliy.  For  bibliography  ot  pblcgmoDoua  gastritis  see  Leith. 
Edinbiirgli  Ilospiral  Reports,  vol.  iv.,  p.  51,  1896. 

'Sec  KinnicuU.  Trans.  Assn,  Am.  Pbya..  vol.  Jiv..  p.  137.  bibliography.  For  a 
study  of  lesions  of  the  stomach  as  portals  of  entry  of  bacteria  see  James,  Trans.  Assn. 
Am.  Pliys.,  vol.  xvL,  p.  72, 

'  Consult  for  bibliography  of  tuberculosis  of  stomach  Bhimtr,  Albany  Medical  An- 
nals, Marc]),  1898. 

'Consult  for  bibliograpliy  Mexnrr,  American  Journal  of  Medical  Sciences,  vol. 
cxvi..  p.  43B,  1898. 
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ULOBBS  OF  THE  8T0UA0H. 


Chronic  Perforating  Ulcer. — This  form  of  ulcer  is  often  seen ;  according 
to  BriotOD,  in  five  per  cent  of  persons  dying  from  all  causes.  It  occurs 
in  females  nearly  twice  as  frequently  as  in  males.  As  regards  the  age, 
Brinton  coDcludes  that  the  liability  of  an  individual  to  become  the  sub- 
ject of  gastric  ulcer  gradually  rises,  from  what  is  uearly  a  zero  at  the 
age  of  ten  to  a  high  rate,  which  it  maintains  through  the  period  of  mid- 
dle life ;  at  the  end  of  which  period  it  again  ascends,  to  reach  its  maxi- 
mum at  the  extreme  age  of  ninety. 

The  analysis  of  793  hospital  cases  by  Welch '  shows  that  the  ulcers 
were  on  the  lesser  curvature  iu  288,  in  the  posterior  wall  in  235,  at  the 
pylorus  iu  95,  on  the  anterior  wall  iu  69,  at  the  cardia  iu  60,  at  the  fun- 
dus in  29,  ou  the  greater  curvature  in  27. 

As  regards  the  number  of  ulcers,  two  or  more  are  present  in  about 
tweuty-one  per  cent;  there  may  be  two,  three,  four,  or  even  five  ulcers. 
In  cases  of  multiple  nicers  these  are  often  developed  successively. 

In  size  the  ulcers  vary  from  one-quarter  of  an  inch  to  five  or  six 
inches.  They  are  usually  of  circular  shape,  sometimes  oval ;  sometimes 
two  or  more  are  fused  together. 

The  ulceration  is  largest  in  the  mucous  membrane  (Fig.  312),  It 
may  remain  confined  to  this,  or  extend  outward  and  involve  the  conuec- 


FlG.  Blf— CHRONIC    tFLCEH  Oy  THI  SiDHACH. 

BbowlDg  B  serUon  throuRli  tbe  slomacb  wall  at  tbe  central  part  ol  Ibe  raand  tUfer. 

five  tissue,  muscular  and  peritoneal  coats,  its  diameter  becoming  smaller 
as  it  advances.  TLe  ulcer  looks  like  a  clean  hole  punched  out  of  the 
wall  of  the  stomach  (Fig.  313),  Its  floor  may  show  no  active  inflamma- 
tory changes.  Its  edges  may  be  in  the  same  condition,  or  they  may  be 
thickened  by  the  growth  of  connective  tissue  and  cells.  The  rest  of  the 
mucous  membrane  of  the  stomach  is  apt  to  be  in  a  condition  of  chronic 
catarrhal  inflammation. 

The  ulcer  may  perforate  directly  through  the  wall  of  the  stomach,  and 
the  contents  of  the  latter  are  discharged  into  tbe  peritoneal  cavity ;  or 

,,  p.  504,  1886.     Many  im- 
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adhesions  are  fonned  between  the  wall  of  the  stomach  and  the  neighbor- 
ing viscera,  ho  that  the  bottom  of  the  ulcer  is  closed ;  or  if  the  livor,  the 
intestines,  or  the  abdominal  wall  become  adherent,  these  maybe  invtidtnl 
by  the  ulcerative  process,  and  cavities  or  flstulte  are  formed  communicat- 
ing with  the  stomach;  or,  if  the  adhesions  are  incomplete,  a  local  peri- 
tonitis and  collections  of  pas  may  be  developed.  Perforation  may  take 
place  into  the  colon  or  duodenum,  or  into  the  pericardium  or  pleura. 

During  the  progi-ess  of  the  ulcer  there  may  be  repeated  small  hwnior- 
rhages  from  the  erosion  of  small  blood-vessels,  or  lai^e  hiemorrliages 
from  the  erosion  of  larger  arteries. 

In  many  cases  these  ulcers  cicatrize,  and  such  a  cicatiization  may 
produce  various  deformities  of  the  stoniach. 


FIG.  3ia-CHRUMC  I'KKKDHATIMi    ULCkK  UF  THE  STUMAI.*)!. 

The  origin  of  such  ulcers  is  often  obscure.  It  seems  probable  that 
the  nutrition  of  a  circumscribed  part  of  the  wall  of  the  stomaeh  is  inter- 
fered with,  and  that  this  portion  is  then  destroyed  by  the  action  of  the 
ga.stric  juice.  But  we  are  in  most  cases  still  ignorant  of  the  way  in  which 
the  obliteration  of  the  arteries  is  eflfected.  It  has,  indeed,  been  demon- 
strated in  animals  that  an  artificial  embolism  of  tlie  branches  of  the  gas- 
tric arteries  may  lead  to  ulcers  of  the  stomach ;  and  in  Hie  human  stom- 
ach we  oceasiouallj'  fiud  oases  of  embolism  of  the  branches  of  the  gastric 
artery  and  ulcers.  But  t4ie  clinical  history  of  most  cases  of  ulcer  of  the 
stomach  di>es  uot  correspond  with  such  a  mode  of  origin.  A  chi-onic 
obliterating  endarteritis  would  seem  to  be  a  more  probable  cause.  The 
possibility  of  a  bacterial  origin  in  some  cases  should  not  be  overlooked. 

Follicular  TTlcera,  similar  to  those  in  the  small  intestine,  are  of  occa- 
sional occurrence  in  the  stomach.  They  are  formed  by  the  degenerative 
changes  and  necrosis  in  the  solitary  lymph-nodules  of  the  stomach. 

For  Tubercnlona  Vloerf,  see  above. 
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Hsmorrli^o  ErMioni  occur  as  rouuded  spots  or  narrow  streaks, 
formed  by  a  tosH  of  subtttance  of  the  mucons  membrane.  The  mucous 
membrane  at  these  points  may  be  congested,  soft,  and  covered  by  small 
blood  clots.  The  destruction  of  the  mucous  membrane  is  usually  super- 
ficial, but  may  involve  its  entire  thickness.  The  internal  surface  of  the 
stomach  may  bi>  studded  with  these  erosions.  They  give  rise  to  repeated 
hiemorrliages,  and  are  accompanied  by  catarrhal  iuflammatiou  of  the  rest 
of  the  mucous  luembraae. 

They  occur  at  all  periods  of  life,  even  in  infants.  Their  usual  seat  is 
the  pyloric  portion  of  the  stomach.  They  may  occur  indepeudently  of 
other  obvious  lesions,  but  are  most  frequent  in  connection  with  chronic 
congestion  of  the  mucosa,  cbrouic  gastritis,  io  infectious  diseases,  and 
intoxicatious. 

DILATATION. 

Very  considerable  degrees  of  dilatation  of  the  stomach  are  found  at 
autopsies,  without  stenosis  of  the  pylorus  or  other  mechanical  cause  to 
account  for  them.  It  is  usually  dilficult  to  determiue  how  long  these 
dilatations  ha^e  existed  and  their  iufiuence  iu  the  illness  or  death. 

Acute  dilatation  of  the  stomach,  with  vomiting  of  very  large  quanti- 
ties of  thin  fluid,  baH  beeu  observed  in  a  few  cases,  the  dilatation  being 
developed  suddeuly  and  without  discoverable  cause. 

Of  the  mechanical  factors  which  lead  to  dilatation  of  the  stomach  a 
stenosis  of  the  pylorus  is  the  most  couimon.  Such  a  stenosis  may  be 
effected  by  a  tumor,  by  chronic  infiammation  and  thickening,  and  by  the 
cicatrization  of  ulcers.  Less  frequently  obstructions  of  the  small  and 
large  intestines  act  iu  the  same  way. 

Some  forms  of  chronic  gastritis  are  attended  with  dilatation  of  the 
stomach  without  stenosis. 

In  rare  cases  circumscribed,  sacculated  dilatations  are  produced  by 
the  presence  of  foreign  bodies — portion  of  wood,  metal,  etc 

TUHOBS. 

Fapillomata. — It  has  already  been  mentioned  that  in  some  cases  of 
chronic  gastritis  there  are  small,  polypoid  hypertrophies  of  the  mucous 
membrane.  Besides  these  we  find  polypoid  tumors  which  may  reach  a 
considerable  size.  They  are  composed  of  a  connective-tissue  stroma  ar- 
ranged in  tufts  covered  with  cjiindrical  epithelium.  In  somecases  there 
are  also  trihuics  hued  with  cylindrical  epithelium,  so  that  the  tumor  has 
partly  the  stnicture  of  an  adenoma  (Fig.  314).  Fibromata  of  small  size 
are  sometimes  found  in  the  connective-tissue  coat  (Fig.  315).  Lipomata 
are  formed  in  the  submucous  connective  tissue  iu  the  shape  of  rounded 
or  polypoid  tumors.  They  usually  project  iuward,  but  sometimes  out- 
ward beneath  the  peritoneum.  They  may  also  appear  in  the  form  of 
numerous  yellow  nodules  beneath  the  mucous  membrane. 

Kyomata  occur  iu  the  form  of  rounded  tumors  which  originate  in  the 
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mnscnlar  coat,  but  may  gradiiaHy  Beparate  themselves  from  it  and  pro- 
ject inward  or  outward.     The  submucous  myomata  are  at  first  small 


TbiB  la  ronflaed  u 


FIO.  314.— SMALL  PAPILLABT  ADEKOMA  Ur  THE  STOUACH. 

3  inuGousmembraiie,IormlagBiiiiHllpc>]ypoiilKroi[lIilDlotbe  cavity.    Enlarenl  at 
Ove  dtomew™. 


tumors  lying  loosely  attached  in  the  submucous  tissue.     As  they  grow 
larger  they  push  the  mucous  membraue  iuward  aud  take  the  shape  of 


he  wkll  o[  the  BUimacli. 

polypoid  tumors,     Lymphomata  in  the  wall  of  the  stomach  are  seeu  in 
some  ca-ses  of  leuksemia. 

Sarcomata  of  the  stomach  are  rare.     In  some  of  the  tumors  of  the  wall 
of  the  stomach,  which  are  ordinarily  called  cancerous,  the  structure  is 
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not  well  defined,  and  it  is  possible  that  some  of  them  are  sarcomata. 
Sarcomata  of  the  stomach  may  be  round-celled  or  spindle-celled  and 
mixed  forms  oectir — myxosarcoma,  angiosarcoma,  etc' 

Adenoma. — It  has  been  already  mentioned  that  in  some  of  the  papil- 
lary tumors  of  the  mucous  membrane  there  is  a  considerable  growth  of 
tubules  lined  with  cytiudrical  epithelium  (Fig,  314),  Besides  these  we 
fiud  in  the  submucous  coat  circumscribed  tumors  composed  of  tubules 
irrejiiilnr  in  form  and  lined  with  one  or  more  layers  of  cylindrical  epithe- 


lium, like  those  of  the  gastric  mucous  membrane.  (See  Adeno-earcinoma 
lielow,) 

Carcinoma  of  the  stomach  ia  usually  primarj-,  bnt  is  occasionally  sec- 
ondary to  cancer  elsewhere.  It  is  of  relatively  common  occurreuce,  the 
stomach  in  Welch's  analysis  of  over  30,000  cases  being  next  to  the  uterus 
the  oi^n  most  frequently  affected. 

The  situation  iu  Welch's  summary  of  1,300  cases'  was:  in  the  pyloric 
region,  791;  lesser  curvature,  148;  cardia,  104;  posterior  wall,  68;  in- 
volving a  greater  part  of  the  stomach,  61 ;  greater  curvature,  34 ;  anterior 

'  See  Dock.  Trans.  Amd.  Am.  Phys,,  vol.  xv.,  p.  16S,  bibliography;  also  Fenmek, 
Lancet.  1001,  vol.  i.,  p.  463,  biblio|raphy. 

'  Wekk.  Pepper'8  "System  of  Prai-timl  Medlciue,"  vol.  ii.,  p.  561,  IH8,1. 


.V,  Google 


644  THE   DIGESTIVK  HY8TEM. 

wall,  30;  fundus,  19;  multiple  tumors  iu  45  cases.     Carciuoma  of  tbe 

stomach  is  rare  Id  cbildliood.' 

Carciuomata  of  the  stomach  occur  in  various  forms.  There  may  be 
larger  or  smaller,  flat 
or  rounded  or  lobu- 
latcd  growths  project- 
ing from  the  inner 
surface  of  the  stomach 
(Fig.  3H>).  The  mu- 
cous membraue  over 
them  may  be  intact 
or  with  a  portiou  of 
the  tumor  may  ulcer- 
ate. The  destructive 
process  may  advance 
so  that  some  of  the 
ragged  or  smootb- 
edgetl  ulcers  may 
reach  a  1  arge  size. 
The  wall  of  the  stom- 
ach may  be  involved ; 
peritoneal  adhesions 
may  form,  or  perfora- 
tion may  occur.  Ou 
the  other  hand,  the 
carcinoma  may  grow 
in  the  form  of  a  dif- 
fmse  infiltration  of  Ihe 
wall  of  the  stomach 
(Fig.  31").  Such  tu- 
mors are  l&ss  liable  to 
ul(«r»te.  They  may 
be  overlooked  or  mis- 
taken for  a  chronic  in- 
flammatory lesion. 

Metastatic  tumors 
intheiiver,  the  lymph- 
nodes,  and  the  peri- 
toneum are  common, 
but    Nueh    metasta-ses 

F.O.  3l7.-f;FI.ATlSOl-9  CARCINOMA   <,K  T„«  M.mACH.  ""^•^'   '^^^"'   "'  '"'•^'  P'^'^ 

Hhnn-i>„F>h^r.,ni.~.i»™»  ™  ..  of  the  body. 

Sbowlnjr  IM  rnnJtmtlnB  form  a!  tumor  i*cupjin)r  UiepyLortc  end  of  Lbs  _,  •' 

Htomarli  and  advuicingaloDK  tbe  wall.  The  mOSt  COmmOn 

type  of  carcinoma  of 
the  stomach  is  the  medullary,   or  so-called  adeno-carriiioma.   in  which 

1  the  Young."  New  York 
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often  to  a  considerable  extent  the  glandular  type  is  maintained  in  many 
partts  of  the  growth  (Fig.  184,  pf^e  337).  The  cylindrical  or  poly- 
hedral epithelial  cells  line  variously  shaped  alveoli,  which  frequently 
maintaiu  well-marked  lumina.     Cj-stic  distention  of  these  may  occur. 

Fibrous  carcinoma,  scirrhtts,  is  the  next  most  frequent  type,  and  such 
are  often  the  infiltrating  forms  (Fig.  199,  page  ,t47). 

The  third  type,  gelatinoug  carcinoma  (Fig.  200,  page  348),  often  forms 


Thin  Hpwiinen  iihuIbU  lantely  of  halis.  cotton  ind  woollen  [liraul*.  Btraws.  elr, 

extensive  growths  and  is  apt  to  invade  adjacent  stnictures  and  to  estab- 
lish metastuse^t. 

Stenosis  of  the  pylorus  and  chronic  gastritis,  adhesions,  fistiihc,  dis- 
tortion of  the  stomach,  perforations,  etc.,  batmorrbiHie.  suppurative  in- 
flammation, are  among  the  frequent  secondary  complications  of  gastrio 
cancer. 

Among  the  relatively  infrequent  secondary  cancers  of  the  stomach, 
those  originating  in  the  breast  are  proportionately  large,' 

Cysts  of  the  stomach  wall  have  been  recorded.' 

Fr)r  rtti'iit  ppnpral  bibliogmpliy  of  lesions  of  llie  aloniBtli,  si-l-  Tlmrd.  Lubarscli  and 
OsltTlag's  •■  Ergt-liuisse, "  Jalirg.  v,  for  1898.  p.  143. 

FOREiaX   BODIES. 

Among  the  various  foreign  bodies  which  by  accident  or  design  may 
be  present  in  the  stomach  may  be  mentioned  hairs,  thread,  string,  etc., 
which  have  been  swallowed  from  time  to  time,  usually  by  hysterical 
women.     These  may  be  closely  packed  together  into  a  large  mass  nearly 

'  For  RtAtistics  aoc  Wdeh.  reference  above. 

*  Sehultz  hiis  aeuii  a  largo  ci'st  of  undetermined  origin,  TracB.  Nuw  Yorli  Piith. 
Soc,  1809-1900. 
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filling  the  cavity  of  the  atomacii,  to  which  iQ  shape  it  may  correspond 
(Fig.  318).' 

The  IntestineB. 

Kalfonnationa. 

Atresia  Ani. — Absetice  of  tbe  anal  upeuiog  is  frequent.  This  may  be  aasociaiol 
with  purtial  or  torapleto  atresia  of  tbe  rectum  or  of  the  colon  whicli  inay  be  represenied 
by  solid  cords.  Blind  termiDatlons  of  the  small  intestine  may  occur,  or  tbere  may  be 
complete  closure  of  the  gui. 

Tranbpomtion. — Tlie  pnsitton  of  the  Intestines  may  be  the  opposite  to  that  wliicli 
is  usually  found.  Tbe  transposition  may  affect  all  the  abdominal  viscera,  or  only  a 
single  vise  us  is  transposed. 

Anomalous  Positions  op  the  Coixin  are  not  infrequent.' 

Diverticula. — iDtcstinal  diverticula  are  most  frequent  in  the  lower  part  of  tlie 
ileum.  They  usually  spring  from  the  convex  surface  of  the  inlestine,  more  rarely 
from  its  attached  border.  In  the  latter  case  they  sre 
Joined  to  the  mesentery  by  a  fold  of  peritoneum.  The 
diverticulum  forms  a  pouch  from  odo  to  six  inches 
loDg,  of  about  thesamediamcter  as  tbe  iDtestiue,  small- 
est at  its  free  extremity  (Fig.  81B). 

Such  diverticula  do  not  interfere  with  tbe  func- 
tions of  the  intestines.  They  occasionally  form  part 
of  a  hernia.  Sometimes  the  remains  of  these  intestinal 
diverticula — called  Meckel's  diverticula — form  soft, 
projecting  tumorsat  the  umbilicus 'In  children.  Micro- 
scopical examination  of  sucli  tumors  often  shows  the 
structure  of  tliu  intestinal  mucosa  and  muscularts. 
If  they  remain  attaclied  by  a  fibrous  cord  to  the  navel, 
lliis  cord  may  be  tlie  cause  of  incarceration  of  a  portion 
of  the  intestines.'* 

Falst  IM'Terticula, — Not  infrequently  one  finds  at 
autopsies  cither  iu  tlie  small  or  large  intestine  diver- 
ticula or  hernia?,  which  project  from  tlie  exterior  of  the 
gut,  usually  near  its  mescnieric  attachment.  These 
consist  of  the  mucous  membrane  which  has  been 
crowded  through  the  muscularis  and  is  covered  by 
serosa.  These  so-called  "false  diverticula"  may  l^e 
large,  but  are  generally  not  larger  than  a  pea;  lliey 
may  lie  single  or  numerous  (Fig.  320),  They  as  a  rule 
cause  no  functional  disturbance,  but  may,  thniugh 
tbe  acciunulatinn  of  ftecal  material  within  them,  be  the 
scat  of  perforetiou.' 
Ci.o.^t.*;.— The   rectum   may  open  into   the  bladder,    urctiuu,  or   vagina.     Thus 

'Such  a  specimen,  mentioned  by  0»lfr,  is  in  the  niuBeiini  of  McOill  Universitv; 
another,  reported  by  PiiidUi-  (see  Pig.  818),  is  in  tiie  museum  of  tbe  College  of  Physi- 
cians and  Snrgeons,  S.  Y.  See  Jaenbmm,  Med.  News,  Feb.  16th,  1901;  also  FemHcJc, 
Br.  Sfcd.  Jour..  Nov.  39th,  IMS.  bibliograpliy. 

'  For  bibliography  of  reported  cases  sec  S/i<i6fr,  Am.  Jour.  Med.  Sciences,  vol, 
cxvi.,  p.  403,  lens. 

'For  bibligraphy  of  umbilical  tumors  see  GiiinnelUmo.  Arch,  gen,  de  MM.,  t.  iii., 
p.  65,  IBOO, 

'For  bibliography  see  Rehnutn,  Proe,  Path.  Soc,  of  Pliiladolphia.  new  ed.,  vol.  I., 
p.  193.  18S8.  For  case  of  volvulus  of  Meckel's  diverticulum  see  Taglor,  iobm  Hopkins 
Hospital  Bti1l.,  vol.  xii.,  p.  33e. 

'Consult  Fimher.  "False  Diverticula  of  the  Intestine,"  Jour,  Exp.  Med.,  vol.  v., 
p.  3S3,  1901,  bibliography. 
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cloace  arc  formed  whicli  are  often  aasociated  with  other  malformations  of  the  abdom- 
inal wall,  intestines,  and  generative  organs. 


Incarceration. 

1.  Tlic  mrist  common  form  is  that  in  which  a  portion  of  intestine  is  strangulated  by 
a  flbrous  band.  Such  Sbrous  bands  arc  the  result  of  perltooltis  or  may  be  of  fiptal 
origin.  Tliey  pass  from  the  intestines  to  the  abdominal  wall,  or  front  one  part  of  the 
intestines  to  another.  Tlie  intestine  becomes  in  some  way  caught  under  one  of  these 
bands  and  is  compressed  by  it.  The  stricture  tlius  produced  may  lead  to  a  gradual  ac- 
cumulation of  fteci's  in  the  intestine  above  it,  and  may  last  for  a  long  time  tiL-fore  death 
ensues.  In  othrr  cases  the  stricture  interferes  at  once  with  the  circulation  of  the  blood ; 
tlie  intestine  is  intensely  congest«d,  becomes  gangreDOUS,  and  death  takes  place  with 
the  symptoms  of  general  peritonitis. 

2.  A  portion  of  intestine  becomes  caught  In  some  abnormal  opening  in  tbc  mesen- 
tery or  omentum,  or  in  the  foramen  of  Winslow,  or  between  the  two  layers  of  the 
mesentery.  We  liavesccn  a  ca-se  in  which  twelve  feet  of  intestine  liad  passed  tlirougli 
a  small  opening  in  the  mescnter3'. 

3.  A  coil  of  intestine  makes  a  half  turn  at  Its  base,  so  that  the  two  aides  of  the 
loops  cross  at  its  Iwse.  In  tliis  way  the  lumen  of  the  intestine  is  completely  closed  and 
the  vessels  are  compressed,  so  that  congestion,  peritonitis,  and  gangrene  result.  This 
form  of  incarceration  is  most  frequent  in  tlie  ascending  colon.  In  the  small  intestine  it 
may  occur  when  the  gut  is  fixed  by  old  odlieslons. 

4.  A  portion  of  the  intestine,  with  its  mesentery,  makes  one  or  more  complete  turns 
on  Itself,  closing  the  canal  and  compressing  the  vessels, 

G.  A  portion  of  the  Intestine  makes  a  half  or  entire  turn  al>out  its  longer  axis. 
This  is  very  rare,  and  only  occurs  in  the  colon. 

6.  The  mesentery  of  a  part  ot  the  intestine  is  long  and  loose,  in  consequence  of  a 
dragging  down  of  the  intestine  by  a  hernia  or  by  habitual  coustipation.  The  portion 
of  intestine  thus  permitted  to  hang  down  is  habitually  tilled  with  fieces,  and  by  its 
pres,';urc  on  some  other  part  of  the  Intestine  produces  an  incomplete  si 

Intuseusception. 

This  change  of  position  consists  in  Ibc  invagination  of  one  portion  of  ii 
another  portion  (Fig.  321),     Csually  tliis  takes  place  In  the  direction  of  the  peristaltic 
movements,  from  above  downward;  more  rarely  in  the  opposite  direction. 

The  parts  are  found  iu  the  following  condition :  There  are  three  portions  ot  Inles- 
tine,  one  within  the  other.  The  inner  portion  is  continuous  witli  the  intestines  atiove 
llie  intussusception;  Its  pcritoneiJ  coat  faces  outward.  The  outer  portion  is  continuous 
with  the  intestine  below ;  its  peritoneal  coat  also  faces  outward.    The  inner  portion  Is 
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turned  iDsidc  out.  its  mucoun  mcmbrauc  is  in  contact  with  the  mucous  membnuie  of 
the  oilier  portion.  In  rare  cases  tlie  intussusception  is  complicated  by  the  invagination 
of  a  second  portioD  of  intestine  in  the  inner  tube,  and  even  by  a  tliird  intussusception 
Into  the  second  one.     These  changes  occur  botlt  in  tlie  large  and  small  intestine ;  most 


A  purUon  uf  1b«  gui  Is  tiiitipleicL)'  lavsKlonU^  In  tbe  ei^iiienl  beluw  nnd  aimngulated. 

frequently  thi;  lowi^r  pnrt  of  tile  ili.-iiu)  is  invaginated  iu  the  colon.  Tbe  invagiuat*^ 
portion  may  be  from  a  few  Infiica  to  several  feet  in  Ifngtb.  Tbe  lesion  is  most  fre- 
quently found  ill  early  childtiood. 

Tbe  intussusceptioD,  by  tbe  dragging  aud  foldiug  of  the  meseut«ry  wiiich  it  in- 
volves, may  lead  to  intense  congestion  of  the  parts,  and  even  to  large  hsemorrbages  be- 
tween tlie  coats  of  the  intestine.  Tlie  congestion  may  Induce  fatal  peritonitis,  or  gan- 
grene of  tbe  intestine,  or  clironlc  iuflammatlon  and  adhesions,  and  the  patient  may  live 


Kid.  3K!.-l.'iTl.SSfBfKPTIOS— AliONAL  OR  POST-MOBTBll  IN   I\TEST1MI  OV  INFANT. 

for  a  coustderalile  time  with  symptoms  of  stricture.  In  otiier  cases  the  invaginaled 
portion  of  intestine  slimgbs,  the  outer  and  inner  portions  liccome  adherent,  and  the 
patient  recovers,  with  or  witliout  stricture. 

Besides  this  grave  form  of  intussusception  we  often  find,  especially  in  children,  one 
or  more  small  inva^nations  not  attauiicd  witli  congestion  or  inflammation.  These  are 
agonal  or  are  formed  immediately  after  dealli  (Fig.  83S). 
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The  diBlocation  and  protruatou  of  the  whole  or  a  part  of  an  internal  organ  from  ita 
normal  position  is  callvd  hemia.  This  may  occur  in  various  parts  of  tlie  body,  but 
most  frequently  involves  the  abdominal  visoera.  espi'cially  llie  intestine  or  omentum. 
In  the  most  common  form  of  the  so-called  inguinal  hernia,  which  is  of  frequent  occur- 


Fl«.  3W.-lN(il.[ 


rcncc  iu  men.  there  is  a  descent  into  tlie  inguinal  canal  of  either  a  loop  of  Intestine  (Fig. 
SaS)  or  a  portiou  of  the  omentum  (Fig.  334).  Fur  a  description  of  the  various  forma 
of  hernia  we  refer  to  works  on  surgery. 


Dilatation  of  tlia  Colon. 

This  may  be  congenital  or  acqiiiriil  and  is  sometimes  excessive,' 


vol.  ! 


v.,  p.  1 
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Penetrating  Touods  of  the  intestine  usually  prove  rapidly  fatal,  either 
from  shock  or  from  peritonitis.  Sometimes,  however,  the  wound  be- 
comes closed  by  the  formation  of  adhesions  with  the  neighboring  parts. 
Sometimes  the  wound  in  the  intestines  becomes  adherent  at  the  position 
of  the  wound  in  the  abdominal  wall,  and  an  intestinal  fistula  is  formed. 

Rupture  of  the  small  intestine  is  not  infrequently  produced  by  severe 
blows  on  the  anterior  abdominal  wall.  It  is  noticeable  that  such  blows 
roay  not  produce  marks  or  ecchymoses  of  the  skin.  Suck  ruptures 
usually  prove  fatal  very  soon,  but  sometimes  the  patient  lives  several 
days  and  the  edges  of  the  rupture  undergo  iufiammatory  changes. 

Strictures  of  the  intestine  are  sometimes  followed  by  rupture  of  the 
dilated  intestine  at  some  point  abo\e  the  stricture. ' 

DISTUBBANOES  OF  THE  CISCULATI0N~H2!H0BUHAQB. 

Hypenemia  of  the  intestine  may  be  inflammatory  in  character  or  it 
may  be  associated  with  disturbance  of  the  portal  circulation.  Under 
both  of  these  conditions  ecchymoses  may  occur.  Pigmentation  may  fol- 
low large  or  small  interstitial  hsmorrbages. 

As  a  result  of  embolism  or  thromboaie  of  the  mesenteric  vessels  hnmor- 
rha^o  infarotlou  may  occur,  sometimes  involving  considerable  portion 
of  the  gut.'  Hiemorrhage  into  the  lumen  may  follow,  or  gangrene,  or 
inflammation.  The  latter  processes  are  readily  induced  in  the  injured 
regions  by  the  bacteria  con-stantly  present  in  the  intestinal  contents. 
Septic  emboli  may  induce  suppurative  inflammation  in  themeseuteryand 
in  the  wall  of  the  intestine. 

Intestinal  hnmorrhage  may  occnr  in  venous  congestion,  as  in  certain 
forms  of  cirrhosis  of  the  liver.  It  may  follow  ulceration,  in  typhoid 
fe^■er,  in  chronic  colitis,  in  malignant  tumors,  etc. ;  it  may  accompany 
infarction. 

DEOEHEBATION'. 

Amyloid  Degeneration  nmy  be  associated  with  a  similar  process  else- 
where in  the  body.  The  ii>diu  tejit  may  reveal  the  existence  of  this 
alteration  in  the  villi  of  the  smalt  iutestiue. 

nraXAHUATIOK. 

ISFL.\MMATIOy  OF  TIIR  SmALI.   INTESTINE.      (Elltfiritis.) 

Acute  Catarrhal  Enteritis. — This  may  occur  under  conditions  similar 

to  those  inciting  catarrhal  inflammation  in  the  stomach.     It  may  be  local 

or  general  and  may  be  associated  with  similar  processes  in  the  stomach 

and  colon.     In  ptoma'in  poisoning  the  lesions  are  often  severe.     Com- 

■Seesiimmflryof  cases  by  ffaiiii«rtf»'n,Ga!!.dc8Hopitau!t,  Aug.  34th  and  31st,  1901, 
biblioprapliy. 

*  For  a  fuller  consideration  of  thromlmsisof  the  musentcric  veins  consult  Wfleh,  All- 
butt's  "System  of  MeiiiciiK-,-  vol.  vL.  p.  2is, 
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paratively  mild  forma  of  the  lesiou  may  predispose  the  iiitestlue  to  the 
iiicursioiia  of  iut«stinal  bacteria  and  the  development  of  more  severe 
formH  of  destructive  lesions.  The  mucosa  may  be  reddened  or  ecchy- 
mosed,  and  covered  with  mucuB  mingled  with  degenerated  epithelium 
and  leucocytes.  The  epithelium  may  be  degenerated  and  peeled  off  (Fig. 
325),  and  the  cylindrical  cells  may  be  dis- 
tended with  mucus  formed  within  them — 
"beaker  cells." 

The  solitary  and  a^^minated  lympb-uod- 
ules  may  be  swollen  from  hyperplasia.  (See 
Lesions  of  the  Lymph-nodes,  page  394.) 
When  this  hyperplasia  is  marked  (Fig. 
32(i),  the  lesion  is  often  called  foUieular  or 
noduUir  enteritis,  and  erosions  and  ulceration 
may  occur  (Figs.  333  and  334).  For 
hyperplasia  of  the  lymphoid  tissue  of  the 
intestine  in  typhoid  fever  see  page  228. 

Chronio  Catarrhal  Enteritis. — Tliis  may 
follow  the  acwte  form  or  occur  indepen- 
dently. It  often  accompanies  many  forms 
of  chronic  disease   of  the  heart,   kidneys, 

lungs,  etc.  The  mucous  membrane  may  be  fio.  8».— Acm  catahrhil  ew- 
covered  with  mucus;  eechymoses,  erosions, 

and  pigmentation   are   frequent.     There  is      ^b^^t7\<^Z°^hlttmZi^^^ 
hyperplasia  of  the  interglandnlar  tissue  of      iii»iw*Krauiw  epitteiium. 
the    mucosa  and   the   submucosa.     In  this 

way  there  may  be  atrophy  of  the  glands  and  the  mncons  membrane 
may  be  thin  and  fibrous.  The  muscularis  may  also  be  involved  and 
atrophied.  The  submucosa  and  the  muscular  layer  may  on  the  other 
hand  be  tliickeneil  from  the  new-formed  fibrous  tissue. 


Pseudo-membranons  Enteritis  may  occur  in  connection  with  a  similar 
condition  in  the  colon,  in  infectious  disea.ses,  in  chronic  diseases  of  the 
liver  and  kidney ;  in  eaehoctic  conditions,  or  as  the  resnlt  of  the  ingestion 
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of  irritant  poisons.     Tlie  mucous  nienibraiie  may  be  the  seat  of  superficial 
necroses,  sometimes  in  patches,  and  the  pellicle  may  consist  largely  of 
mucus  with  necrotic  epithelium.     Fibrin  may  be  present  and  fibrin  and 
estravasated  leucocytes  and  serous  fluid  may  infiltrate  the  suhmucosa. 
Bzndative  or  Buppoi-atiTe  Enteritis  is   rare.     Purulent  foci,   usually 


metastatic  in  origin,  may  form  in  the  wall  of  the  intestine.  A  more  dif- 
fuse suppuration  may  follow  infection  after  obstruction  or  strangulation. ' 
TaberouloQE  Enteritis.— The  lymph-nodules  and  Peyer's  patches  are 
often  involved  in  intestinal  tuberculosis  and  often  ulcerate  (Fig.  327), 
Miliarytuberclea  maybe  present  with  cheesy  degeneration  (Fig.  328)  and 
the  subperitoneal  lymphatic  vessels  are  often  involved  and  may  appear 
as  white,  nodular,  branching,  slightly  elevated  cords,  running  around  the 


Fin.  32S. -Skctios 
Bboviliig  tubercle  tissue  wltb  tnlliHr 


gut  (Fig.  32!*).  Tuberculous  ulcers  are  apt  to  extend  most  rapidly  in  a 
direction  transverse  to  the  axis  of  the  gut  (Fig.  330),  differing  in  this 
respect  from  typhoid  ulcers  (see  page  230).     But  to  this  there  are  fre- 


'  For  reference  to  bacterial  e: 
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qaent  exceptions.  TnberculOQB  ulcers  rarely  perforate.  (See  for  other 
forms  of  tuberculosis  of  the  intestine  page  560.') 

Syphilitio  mcen,  originating  in  the  lymphatic  structures,  Are  sometimes 
found  in  iufautile  syphilis. 

Duodenal  Vlceri  may  be  tuberculous  or  may  follow  extensive  burns. 


In  the  latter  case  their  mode  of  origin  is  obscure.     They  may  occur  under 
a  variety  of  other  conditions.* 

Other  Forms  of  IHoert.— The  solitarj'  and  agminated  lymph-nodnles 
frequently  undei^o  hyperplasia,  in  infectioas  diseases,  after  extensive 


burns,  in  various  forms  of  iuftammation  of  the  intestine.  Hyperplasia 
of  the  lymphatic  tissue — see  above — with  ulceration  is  especially  frequent 
in  children, 

'  For  statistics  of  intestinal  tuberculosis  st*  Zahn.  Maocti.  med.  Wocli.,  Jan,  14lli, 
1902;  also  ^'^llhaa.  ibid..  July  Istanil28ih.  1908;  hIso  Wiigener,  Mftnch.  meil,  Wocli., 
Nov.  24tli  and  Dec.  Ist,  1B03.  For  presence  of  tubercle  bacilli  in  mesenteric  lynipli- 
nodes  see  ilncfadyen  and  Maetonkey.  Br.  Me(i.  Jour.,  July  IStb.  1908. 

'  For  a  atudy  of  duodenal  ulcers  Bee  WHr,  MedicaJ  Record,  May  5th.  1900,  bib- 
liography. 
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Anthrax  Infection  of  the  Intestine  (Hyooiii  InteitinaliB).— The  anthrax 
bacillus  may  iind  Iwlgiueut  in  tbe  iiitestiual  mucous  membrane  either  by 
the  ingestion  of  food  contuiuiiig  the  gei-m  or  by  inetaKtasis  through  the 
blood  from  some  other  seat  of  infection,  especially  the  skin. 

The  intestinal  lesionsare  most  apt  to  occur  in  the  small  intestines  and 
in  the  upper  part  of  the  colon.  The  mneous  membrane  is  studded  with 
larger  and  smsvller  browu  or  black  frequently  elevated  patches,  or  areas 
of  local  congestion,  or  IiEemorrhage,  or  necrosis.  The  mucous  membrane 
near  the  inflammatory  and  necroticfocimaybecfideraatous.  Hyperplasia 
of  the  spleen  and  lymph-nodes  is  apt  to  accompany  the  intestinal  anthrax. 
The  anthrax  lM«;illns  may  be  found  about  the  seat  of  local  lesion  in  the 
intestine,  in  the  associated  lymph-nodes,  and  when  secondary  to  local 
infection  elsewhere  it  may  be  found  in  the  primary  lesion  and  in  the 
blood. 

It  is  believed  that  other  forms  of  bacteria  may  Civuse  intestinal  lesions, 
somewhat  similar  to  those  of  anthrax,  but  the  researches  in  this  direc- 
tion are  uot  yet  sutBcieutly  uumerous  to  permit  of  very  definite  state- 
ments. ' 

Inflammation-  of  the  Larue  Intestine.     {CtHUia.') 

The  mucous  membrane  of  the  lat^  intestine  is  frequently  the  seat  of 
acute  and  chronic  inflammatory  and  necrotic  processes  known  clinically 
as  dysentery.''  The  rectum  is  most  often  involved,  but  sometimes  the  up- 
per part  of  the  colon  and  sometimes  the  whole  colon  is  affected. 

Acute  Catarrhal  Colitie. — This  process  is  frequently  limited  to  the 
lower  end  of  the  colon  and  presents  several  types.  There  may  be  an  In- 
ci-eased  production  of  mucus,  which  coats  the  surface  of  the  mucous 
membrane  and  is  mixed  with  exfoliated  and  fatty  or  disintegrated  epi- 
thelium and  red  blood  cells.  Thesurface  epitheliimi  maybe  degenerated 
and  exfoliate,  many  "beaker  cells"  being  present,  indicating  the  source 
of  overproduction  of  mucus  (Fig.  330a).  The  mucous  membrane  may  be 
congested  and  infiltrated  with  serum  and  leucocytes.  Again,  with  con- 
ditions similar  to  those  just  described,  there  may  be  a  purulent  exudate 
in  the  mucous  membrane.  There  is  a  form  of  catarrhal  colitis  in  \t'hicli 
lliereisa  more  or  less  extensive  formation  of  new  connective  tissue  l>e- 
tween  the  glands  and  in  the  submucosa.  Finally,  there  may  be  small  or 
extensive  ulceration  in  the  involved  areas  of  the  mucosa. 

Acute  Infections  Colitis  (Tropical  Dysentery)  is  of  especially  frequent 
occurrence  in  warm  countries  and  is  often  epidemic.  In  one  group  of 
cases  (n )  the  disease  is  probably  incited  by  protozoa — amoebeB  coli ;  while 
in  the  other  (i),  bacteria,  some  apparently  related  to  the  typhoid-colon 
bacillus  group,  and  possibly  others,  are  believed  to  l)e  the  excitants. 

'  F(ir  references  to  inlesllnnl  bHCteria  see  foolnolc.  p.  560. 

'  The  classitication  of  tliesti  k'sions  is  wUb  our  present  knowlcd^  umtntisfactor)-. 
and  is  kr^ly  bused  upon  moriihology.  In  sonic  phases  oF  su-cal1e<l  dysenlerj- — fnfec- 
tiouB  colitis— however,  the  nature  of  the  excitant  is  taken  into  the  account.  CodsuIi 
for  ft  special  study  of  forms  of  colitis  seen  in  Nuw  York  Iklajield,  Am.  Jour.  Alud.'tjci- 
«aces.  vol.  cxiv.,  p.  401,  1897. 
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(a)  AUCEBIC  Colitis. — This  form  of  colitis  is  apparently  incited  by 
the  presence  in  the  wall  of  the  intestine  of  the  Amoeba  coli. 

The  amoebte  are  found  in  the  gelatinooa  masses  which  are  common  in 
the  stools.  They  are  of  rounded  shape,  and,  when  alive,  change  their 
position   and  shoot  out  and   retract  little   projections  (pseudopodia). 


The,  cpltbrllum  nr  ihe  Uibular  RlandB.  PsperJsLly  near  their  moulln.  la  lonainK  an  fxcewlte  airount  ot 
mucus  Willi  tlesUTirtton  and  KifoliaMon  or  ihe  wlLg.  The  tubuJea  are  dilated  wHIi  mucua  vrblrli  roveis  the 
BUrtaw.    The  tuuiwia  at  (he  rlRhl  Is  necivlli'  mid  titma  th«  vdKe  o[  so  ulcerai«d  area. 

Their  outer  portion  is  composed  of  a  pale  hyaline  or  homogeneous  sub- 
stance; the  inner  contains  vacuoles  and  is  more  refractive  (see  page  129). 
In  the  colon  the  amrebse  are  found  iu  the  connective-tissue  coat  (Fig. 
331)  aud  iu  the  flooi-s  of  the  ulcers. 
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Amoeba  excites  at  first  a  moderate  exudative  and  productive  inflam- 
mation followed  by  necrosis.  Thos  ulcers  are  formed.  The  ulcers  may 
be  superficial  or  deep,  sometimes  extending  to  the  peritoneum ;  they  en- 
large by  infiltration  and  necrosis  at  their  edges,  so  that  extensive  destruc- 
tion of  the  mucous  membrane  may  occur.  The  amiBba  may  be  present 
in  the  connective  tissue  at  the  ba«e  or  sides  of  the  ulcers.  Not  infre- 
quently, owing  to  bacterial  infection  from  the  intestinal  contents,  vary- 
ing degrees  of  suppurative,  iiiflamujation  may  complicate  the  lesion. 

Necrotic  and  suppurative  processes  may  be  set  up  in  the  liver  (see 
page  59.'})  and  in  the  right  lung,  and  in  these  lesions  the  amoeba  may  be 
found. 

(6)  Acute  Infectious  Colitis  with  Bacteeial  Excitants. — 
The  lesions  in  those  forms  of  infectious  colitis  which  are  not  associated 
with  amoeba  are  varied,  and  it  is  not  yet  possible  to  give  a  very  precise 
morphological  characterization  of  them.  In  general  it  may  be  said  that 
the  lesion  when  pronounced  is  pseudo-membranous,  exudative,  and  necro- 
tic, with  more  or  less  ulceration  of  the  mucosa  and  submucosa. 

The  earlier  bacterial  studies  of  the  various  types  of  infectious  colitis 
— dysentery — tropical,  eitidemic,  sporadic,  or  pseu  do -membranous,  gave 
little  definite  data.  Many  bacteria  were  found,  most  of  them  of  species 
not  infrequently  present  in  the  normal  intestine.  In  1897,  however, 
Shiga  made  a  careful  study  of  a  series  of  cases  in  a  serions  dysentery 
epidemic  occui'ring  at  that  time  in  Japan.  Shiga  found  constantly  in 
these  cases  a  bacillus  —  Badliug  dysetiterieB  —  not  normally  present  and 
pathogenic  for  animals,  which  gave  agglutinative  reactions  with  the  serum 
of  the  dysentery  patients.  This  bacillus  was  formerly  regarded  as  simi- 
lar to  the  typhoid  bacillus,  but  can  now  be  readily  diflferentiated  from  it. ' 
Two  years  later  Kiiise  found  a  similar  bacillus  in  cases  of  dysentery  oc- 
curring in  Germany,  and  Flexner  and  Strong  ha\e  found  one  which  they 
believe  to  be  identical  in  the  Philippiues.  It  has  since  been  found  in  nu- 
merous instances  in  the  United  States. 

Considerable  doubt  has  arisen  regarding  the  significance  of  many  of 
the  later  determinations  owing  to  the  fact  that  until  recently  some  of  the 
distinctive  biological  characters  were  not  generally  known,  and  that  the 
agglutination  reactions,  if  not  carried  out  with  extreme  care,  may  lead 
the  ot)server  astray. 

We  caunot  enter  here  upon  the  details  of  the  various  studies  of  this 
subject.  It  at  present  seems  likely  that  the  Shiga  bacillus  is  the  excitant 
of  some  forms  at  least  of  tropical  and  epidemic  or  sporadic  dysentery. 
Whether  the  occurrence  which  has  been  described  of  this  bacillus  or  va- 
riants of  it,  in  other  forms  of  intestinal  disorder,  such  as  some  types  of 
infantile  diarrhoea,  is  of  significance  or  not,  it  is  yet  too  early  to  say. 

While  the  value  of  protecti\e  serum  prepared  by  animal  inoculations 
of  Shiga's  bacillus  has  been  claimed,  the  evidence  is  yet  too  meagre  ta   ' 
permit  of  final  judgment.' 

'  See  Bin  and  Bvmeit.  Med.  News,  Feb.  Uth,  1M3. 

'  For  a  general  statement  of  forniB  and  lesiona  o(  dysentery  and  IlB  relationship  to 
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Bacillus  pyocyaoeus  has  been  repeatedly  found  in  the  discharges  in 
casea  of  dysentery  as  well  as  in  other  iotesttnal  disorders  under  coiiditlous 
which  justify  the  conjecture  that  it  is  sometimes  at  least  au  excitaut  of 


FlQ.  33!.— NODULAR  COLITIS— FOLtlCl'LAR  COlITrg. 

ShowJngconiineDclQgnecrortaot  UiBmucoMOYBrttiebypenilMdc  Lymph -nodule. 

intestinal  inflammation  and  necrosis."     Streptococcus  pyogenes  has  been 
repeatedly  found  in  association  with  colitis. 

Hodnlar  Colitis  (Follicular  Colitis). — In"  many  cases  of  catarrhal  and 
croupous  inflammation  of  the  colon  the  solitary  follicles  (lymph -nodules) 
become  more  or  less  swollen  and  necrotic.  Besides  these  cases,  however, 
there  are  others  in  which  the  changes  in  the  nodules  form  the  principal 


part  of  the  lesion,  while  the  catarrhal  or  croupous  inflammation  is  but 
slightly  developed.  The  lesion  is  similar  to  that  in  nodular  enteritis. 
The  nodules  are  first  swollen — hyperplastic— (Fig.  332),  then  necrotic, 
then  slough  away  and  leave  little  circular  ulcers  with  overhanging  edges 

micro-organisms  see  Flexntr.  Pliila.  Med.  Jour.,  vol.  vi.,  p.  414,  1900;  see  also  LenU, 
KoUe  aud  Wa»surmuaD  "Uaudbuch  Act  Mlkronrganismen."  Bd.  i.,  p.  309. 
'  See  Lartigau,  Jour.  Exp.  Mud.,  vol.  lii..  p.  585,  1898. 
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(Fig.  333).  These  ulcers  are  usually  numerous  (Fig.  334)  and  may  be 
scattered  over  a  large  part  of  the  colou.  The  ulcers  are  apt  to  show  but 
little  disposition  to  heal,  and  the  acute  colitis  ofteu  becomes  chronic. 


no.  3S4.— NODl'LAR 


PBeudo-membranoui  (CroupouB)  Colitis. — This  form  of  iudanimation  may 
involve  the  rectum  alone,  or  the  entire  length  of  the  colon,  or  only  its 
upper  portion.  The  mucous  membrane  is  congested  aud  s\tollen,  and 
coated  with  a  layer  of  false  membrane ;  the  connective  tissue  between  and 
beneath  the  gland  tnbulea  is  infiltrated  with  fibrin  and  pus,  and  in  severe 


oases  the  inSammation  involves  the  muscular  and  peritoneal  coats  also. 
The  inflammation  is  usually  more  intense  at  some  places  than  at  others, 
so  tliat  the  surface  of  the  mucous  membrane  shows  the  false  membrane 
in  isolated  patches.  Less  frequently  there  is  a  uniform  coating  with  the 
false  membrane.  In  mild  ea.ses,  as  the  inflammation  subsides,  the  prod- 
ucts of  iuflamiuatiou  are  absorbed  and  the  wall  of  the  iutestine  returns 
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to  its  normal  couditiou.  In  more  severe  cases  the  quantity  of  the  inflam- 
matory products  is  bo  great  that  portions  of  the  wall  of  the  intestine 
become  necrotic.  This  necrosis  may  involve  only  the  glandular  coat,  or  it 
may  extend  deeper  into  the  wall  of  the  intestine.  The  necrosed  tissue  after 
a  time  sloughs  away,  leaving  behind  ulcers  of  different  sizes  and  depths. 
After  this  the  ulcers  may  cicatrize,  or  their  floors  and  walls  may  remain  in 
the  condition  of  granulation  tissue  for  an  indefinite  length  of  time.  When 
the  latter  is  the  ease  there  is  added  a  chronic  inflammation  of  the  wall  of 


Fin.  ffiM,— MKCROTIC  COl.TTlS. 

Clpcumscribed  cxmgeBtkm  bdiI  necrosis  o(  the  KlaDduIar  an 

tlie  intestine  between  the  ulcers,  with  changes  iu  the  mucous  membrane 
and  thickening  of  the  connective-tissue  and  mnscular  coats. 

Heorotio  Colitii. — There  is  a  form  of  inflammation  of  the  colon  in 
which  considerable  areas  of  the  couuective-tissne  coat  become  necrotic, 
]e.v^■iug  the  glandular  coat  undermined  and  separated  from  the  mnscular 
coiit.  In  this  way  large  ulcers  with  overhanging  edges  are  developed. 
This  form  of  colitis  is  ^■ery  fatal. 

There  is  another  very  fatal  and  obscure  form  of  necrotic  colitis  which 
appears  to  be  septic  in  character.  After  death  the  inner  surface  of  the 
colon  is  found  studded  with  little  blackish  areas  in  which  the  blood-ves- 
sels are  gorged  with  blood.  The  glandular  and  connective-tissue  coats 
are  infiltrated  with  pus  cells  and  there  is  a  superficial  necrosis  (Fig.  336). 

Various  forms  of  raicro-orgauisms  have  been  found  iu  connection  with 
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suppurative  and  necrotic  lesions  of  tlie  ileum  and  colon;  Streptococcus 
pyogenes,  Stapliylococcns  pyogenes,  Bacillus  coli  communis,  Bacillus 
proteus,  Bacillus  pyogenes,  and  others.  The  significance  of  these  organ- 
isms is  not  yet  clear. ' 

HncoQs  Colitis  (Hembrauona  Colitis). — Under  a  variety  of  o^tscure  con- 
ditions, probably  sometimes  inflammatory  in  character,  shreds  or  sheets 
or  even  cylindricjil  casts  of  the  iuterior  of  the  gut  are  passed  from  the 
bowels.  TJiese  consist  of  dense  mucns  often  mingled  with  degenerated 
epithelium.' 

Chronic  Colitis. — ^lu  prolonged  inflammation  of  the  colon  marked  struc- 
tural alter.itions  may  take  place.     The  glandular  coat  may  be  uniformly 


7lG.  8ST.— CHROMC  COLITIS  WITH   EXTKMSIVE   UU 

In  piBws  only  a  few  reirged  Islets  of  miKDus  mHmbrsnp  art 


tliickened,  or  thrown  into  the  form  of  polypoid  tumors,  or  atrophied,  or 
iie-stroyed  by  ulcers  of  various  oizes  and  shapes  (Fig.  337),  Small  cysts 
may  form  from  the  retention  of  mucus  in  the  follicles.  The  connective- 
tissue  and  muscular  coats  may  be  thirkene<l  or  thinned.  Apparently 
chronic  colitis  may  follow  any  of  the  forms  of  sicute  colitis. 

Repair  may  follow  even  considerable  losses  of  substance  in  the  intes- 
tinal mucous  membrane.  The  new-formed  connective  tissue  may  under- 
go slight  or  marked  cicatricial  contraction.  The  denuded  surfaces  may 
become  covered  anew  with  epithelium  derived  from  the  intact  cells.' 

'  See  Krnne  and  PiuqttaU,  Zeits.  f.  Hygiene  und  Infkr.,  Bd.  ivi.,  p.  1,  1894:  sUo 
Certnrille,  Tavel,  and  otiiers.  Anu.  Sulssca  des  8c.  Mfd.,  ser.  ii.,  p.  531.  18Bfi. 

Sfc  for  conskU'ralioD  of  Streptococcus  eiittritidis  in  infants,  JHrtfli,  Ccntralbl.  f. 
Bak..  Ablh.  I-  Bd.  xxii.,  p.  889.  bibliography. 

FiiraEtudv  of  intcatinnl  Imctcria  Ece  I^mbkf.  Arcli.  t.  Hygiene.  Bd.  xxvj.,  p.  293, 
1896.  bibl.;  al'fio  Mnre't  "Bacteriologie."  IBOl,  p.  WiOftiei/.;  Kojilbnigfje.  Centn.'\h\. 
f.  Bak.  (I.  Abth.).  Ikl.  ssx.,  1901,  pp.  10  and  70:  Fortl.  "Studios  Royal  Victoria  Hos- 
pital," Montreal,  vol.  i.,  1908,  resnme  and  bibl. 


lioerapliy  I) 
I  tbo  reade: 


Btiller,  New  York  Jledical  Joufiiul,  Di'crmber  28tli,  1895,  or  Alrerliind.  Arch.  f.  Vcr- 
dauiiMeskraDkheiten,  1^1.  i.,  p.  393,  1896. 

>  For  study  ot  regeiiofation  of  intestinal  epitbelium  see  Qiien'i  nnd  liranca,  Areh,  d. 
Mwl,  exp..  vol.  xiv,.  1902.  p.  40.5. 
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The  C-ecum. 


Catarrhal  Inflammatioii  of  the  cfecum  is  not  uncomiuoii.  It  is  iiauallj' 
produced  by  an  habitual  accumulation  of  fteces  in  this  part  of  the  iutes- 
tiue.  The  course  of  the  iuflammation  is  usually  cbrouic,  but  marked  by 
acute  exacerbations.  At  first  the  mucous  membrane  undergoes  the  ordi- 
nary changes  of  cbrouic  catarrhal  inflammation.  To  this  may  succeed  a 
slow  suppurative  inflammation  which  extends  through  the  wall  of  the 
intestine  and  gives  rise  to  ulcers  and  perforations. 

Through  these  perforations  the  fseees  may  pass  into  the  peritoneal 
cavity,  or  the  perforations  are  partly  closed  by  adhesions,  and  abscesses 
are  formed,  or  sinuses  into  the  surrounding  soft  parts. 

dtronic  Hyperplastio  Taberooloaii  of  the  Ileo-c»oal  Eegion  and  Other  Parts 
of  the  luteBtine. — Attention  has  recently  been  called  to  a  peculiar  form  of 
tubereuloHS  inflamraatiou  of  the  intestine  which  is  characterized  by  the 
extensive  formation  of  small  spheroidal -celled  and  fibrons  tissue,  espe- 
cially in  the  submucosa  and  often  involving  the  muscular  wall  and  the 
subserous  layer.  Miliary  tubercles,  cheesy  degeneration,  aud  ulcera- 
tion are  not  nsoally  conspicuous  features  of  the  lesion.  The  ileo-cjecal 
region  is  most  often  involved,  the  rectum  less  frequently,  while  the  lesion 
is  rarely  limited  to  the  ileum.  Both  the  large  and  small  intestine  may 
be  involved  together.  The  new  tissue  may  form  a  circumscribed  aunnlar 
thickening  of  the  wall  of  the  gut,  or  it  may  occur  as  a  distinct  tumor  or 
;as  polypoid  projections  of  the  mucous  membrane.  The  intestine  in  the 
vicinity  of  the  invoh'ed  portion  may  be  enclosed  in  a  mass  of  fibrous  fat 
tissue.  Owing  to  the  thickening  of  the  wall  of  the  intestine  the  lumen 
may  be  much  naiTowed  or  nearly  completely  steuosed.  On  section  of  the 
thickened  areas,  caseous  foci  maybe  revealed;  ulcerations,  in  rare  cases, 
may  be  absent ;  more  often  they  are  moderate  or  extensive. 

The  microscopical  examination  shows  that  while  miliary  tubercles  and 
cheesy  degeneration  are  commonly  to  be  detected,  the  new  tissue  consists 
in  the  main  of  collections  of  small  spheroidal  cells  with  more  or  less 
fibrous  stroma  and  occasionally  giant  cells  and  of  moderately  cellular  or 
dense  fibrous  tissue.  The  polyhedral  cells  common  in  tuberculous  in- 
flammation are  not  as  a  rule  conspicuous.  The  new  tissue  is  usually 
most  abundant  in  the  submucosa.  The  mucosa  may  be  similarly  thick- 
ened, usually  in  polypoid  form,  or  unchanged ;  it  may  show  simple  ca- 
tarrhal alterations  or  may  contain  miliary  tubercles  or  be  ulcerated.  The 
muscular  coat  may  be  also  infiltrated  and  much  thickened  by  the  new- 
formed  cellular  and  fibrous  tissue  and  there  may  be  muscular  hyper- 
trophy. The  associated  lymph-nodes  may  be  involved.  Tubercle  bacilli 
are  present  in  the  lesions,  sometimes  in  enormous  numbers.  The  process 
appears  to  be  sometimes  primary  in  the  intestine;  sometimes  it  occurs 
with  or  follows  tuberculous  lesions  of  the  lungs.  Hyperplastic  tubercu- 
lous lesions  limited  to  the  ciecum  have  frequently  been  operated  upon 
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under  the  impresBioii  that  the  process  was  canceroos.  Lartigau  has  sug- 
gested that  the  peculiarities  of  this  process  may  be  due  to  infection  with 
an  attenuated  form  of  the  tubercle  bacillus. ' 

The  Rectum. 

Besides  inflammatori/  changen  similar  to  those  already  described  as  oc- 
curring in  the  colon,  we  sometimes  find  a  suppurative  inflammation  of 
the  connective  tissue  which  surrounds  the  rectum,  either  associated  with 
lesions  of  the  mucous  membrane  or  occurring  by  itself. 

In  adults  the  lower  end  of  the  rectum  is  the  part  of  the  intestine 
which  is  the  most  frequent  seat  of  syphilitic  ulceration.  Most  of  these 
ulcers  seem  to  be  the  result  of  unnatural  coitus,  or  of  infection  from 
specific  sores  of  the  vulva;  but  some  of  them  seem  to  be  due  to  the 
softening  of  gummy  tumors.  The  gouococcus  is  an  occasional  excitant 
of  inflammation  of  the  rectum. 

Strictures  of  the  rectum  may  be  due  to  tumors,  to  cicatrices  following 
trauma  or  inflammation.' 

HtBmorrhaida  (Piles). — £ctasite  of  the  luemorrhoidal  veins  are  of  fre- 
quent occurrence.     They  are  moat  frequent  in  adults  and  are  usually  due 


Fig.  B38.~II, 
BecUoDoraneilerDBl  btemoirbold  coiulillDti  ol  Sbroiu  MsaueaDd  dlMI«d  veweli.    Covered  wltb  epIUietlum 

to  venous  obstruction  in  cirrhosis,  chronic  constipation,  pelvic  tumors, 
chronic  inflammation  of  the  rectum,  etc.  The  enlarged  veins  may  be 
within  or  without  the  sphincter — internal  or  external  hiemorrhoids.  The 
dilated  veins  may  have  thickened  walls  and  may  be  surrounded  by  new- 
formed  coiniecti\e  tis.sue.  The  projecting  mass  in  external  hiemorrhoids 
may  consist  in  part  of  dilated  vessels,  in  part  of  fibrous  tissue,  and  is 
covered  by  thickened  epithelium  (Fig.  338),     Considerable  heemorrhage 

'  For  a  study  and  bibl.  see  Lartigau,  Jour,  Exp.  Mfd.,  vol.  vi.,  1901,  p.  28. 
'  For  blbliograpby  of  uon-malignaot  rectal  strictures  Bee  PeUrten,  Jour.  Am.  Med. 
AMn.,  vol.  ssxrv.,  p.  259,  1900. 
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may  take  place  from  hfemorrhoids,  and  they  may  afford  a  portal  of  entry 
of  bacteria  leading  to  local  or  general  infection. 

The  Appendix  Vebmiformis. 

InflMnmation — Appendicitis. — Inflammation  of  the  appendix  may  pre- 
sent various  phases. 

1.  The  mucous  membrane  may  be  the  seat  of  actO^  caiarrhal  injfamma- 
tioa.  This  is  of  mild  type  and  short  duration,  with  congestion,  swelling, 
and  an  increased  prodnction  of  mucus;  or  it  is  of  severer  type,  of  longer 
duratiou,  and  the  cavity  of  the  appendix  is  distended  by  mucus  and  pus. 

2.  The  entire  thickness  of  the  wall  of  the  appendix  may  be  the  seat  - 
of  an  acute  exudative  inflammation.     The  appendix  is  very  much  increased 


eiudati^.  I.  Huroiu  membrane  ot  lb«  appendix ;  i.  Ijmpbatlc  nodules  In  Ibe  niucous  mmnbrane ;  3,  m\t- 
niui'iMH;  4.  musi'uLHrtii;  5.  mnwnury  at  the  appeadli:  6,  pus  and  fibrin  vuverlng  tbe  *p|H;Ddlx;  7.  dense 
InBltraitgn  u[  Ibe  wall  uf  tbe  appendix  with  pus. 

in  size,  sometimes  to  the  size  of  a  man's  finger.  This  increase  in  size  is 
dne,  not  to  a  dilatation  of  the  cavity  of  the  appendix,  but  to  a  thicken- 
ing of  its  walls.  The  walls  are  congested,  swollen,  infiltrated  with  fibrin 
and  pus,  the  peritoneal  coat  is  covered  with  fibrin.  There  is  neither 
necrosis  nor  perforation.  If  the  appendix  is  behind  the  ciecum,  or  if 
adhesions  are  formed  early,  there  is  only  a  localized  peritonitis.  If  the 
appendix  projects  freely  into  the  peritoneal  cavity  and  no  adhesions  are 
formed,  a  general  peritonitis  may  be  soon  established. 

3.  At  one  or  more  points  in  the  wall  of  the  appendix  there  is  an  ex- 
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udative  infiammution  xcith  necrosis.  In  tliits  way  small  or  large  portions  of 
the  ^I'all  of  the  apx>eudix  are  destrojed,  large  or  email  perforations  are 
formed,  and  the  contents  of  the  appendix  escape  into  the  abdominal  cin- 
ity.  In  these  cases  the  appendix  usnally  contains  a  ftecal  concretion, 
Snch  perforations  are  usnally  followed  by  the  collection  of  pns  around 
the  appendix  (Fig.  339),  The  pus  may  extend  from  this  absceas-like 
collection  in  any  direction  and  for  long  distances,  so  that  collections  may 
be  found  deep  in  the  pelvic  cavity,  or  under  the  diaphragm,  or  abscesses 
may  form  at  other  remote  points. 

4.  The  entire  appendix  becomes  gangreru>ti«  within  one  or  two  days, 
with  the  formation  of  su  absce.'-:s,  or  general  i)eritonitis.  This  is  the  most 
fatal  form  of  appendicitis. 

5.  Inflammation  of  the  appendix  may  t>e  secondary  to  catarrhal  or 
t^oupous  colitis. 

6.  In  typhoid  fever  there  may  be  changes  in  the  wall  of  the  appendix 
of  a  character  similar  to  those  in  the  wall  of  the  small  intestine;  that  is, 
hyperplasia  of  the  lymphoid  tissue  with  necrosis. 

7.  There  may  be  a  tuberculous  infiammati&n  of  the  appendix,  with  the 
formation  of  ulcei-s. 

As  the  result  of  chronic  inflammation  in  the  appendix,  atrophyof  the 


glands  and  lymphoid  tissue  with  increa.'^e  of  the  fibrous  tissue  (Fig.  340) 
and  strictures  or  obliteration  of  its  lumen  may  occur  (Fig.  341). 

The  lumen  of  the  appendix  frequently  contains  eoneretione  of  ftecal 
material  which  have  often  been  mistaken  for  foreign  bodies.  Foreign 
bodies,  such  as  grape  and  apple  seeds,  and  various  small  objects  which 
have  been  swallowed,  sometimes,  though  rarely,  find  their  way  into  the 
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appendix.'  Both  the  ftecal  concretions  and  the  foreign  bodies  may  act 
u8  important  predisposing  agents  of  inflammation  and  perforation  of  the 
appendix,  through  preseore,  erosion,  etc.,  of  the  mucous  membrane,  af- 
fording portals  of  entry  to  various  forms  of  pathogenic  micro-organisms. 
The  bacteria  most  commonly  found  associated  with  the  lesions  of  acute 
appendicitis  and  its  accompanying  peritonitis  are  Streptococcus  pyo- 
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genes,  Staphylococcus  pyogenes,  the  Bacillus  coli  communis,  and  Bacilhrn 
proteus.' 

TtraCOBS  OF  THX  UrTESTINi:.* 

Fibroma  and  Lipoma  may  be  developed  from  the  submucous  coat  aud 
grow  inward,  or  from  the  sutwerous  coat  and  project  outward  into  the 
peritoneal  catity. 

Hyoma  may  originate  in  the  mnscular  coat  and  project  inward,  ob- 
structing the  intestine.  In  the  duodenum  such  tumors  may  obstruct  the 
coninion  bile  duct.  Less  frequently  these  tumors  project  outward  into 
the  peritoneal  cavity. 

'  Fur  a  study  of  forei)^  bmlies  in  appendix  see  MitcAell,  Jotins  Hopltina  Hospital 
Bulletin,  toI.  x.,  p.  3S,  1699. 

*  Ilodenpyl,  "BtiologyofAppendicilia,"  New  York  MedicalJounial.  December  80th, 
1883.  Consult  also  Eelymck,  "  Patliology  of  the  Vermiform  Appendix, "  London.  1893. 
Jkrr}/,  Jour,  ot  Patli.  and  Bact..  vol.  lit.,  p.  160,  1895  (bibliography).  lUbbert.  Vfrch, 
Arph,,  Bd.  cx.\.\ii,.  p.  66.  For  bacterial  report  see  Loir,  Reporta  Boston  City  Hoapital, 
Scr.  II.  1900.  p.  173. 

*  For  a  study  of  congenital  tumors  of  tlie  iuteatines  consult  llueter,  Ziegler's  Bc(- 
trBge  zur  patb.  Aiiat.,  Bd.  xix.,  p.  391,  1890. 
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Polypoid  Orovthfl,  projecting  into  the  cavity  of  the  int^tine  and  com- 
posed of  connective  tissue  and  covered  with  epithelium,  are  frequently 
found  (Fig.  342),  They  are  associated  with  catarrhal  indanimatioo  or 
occur  by  themselves.  They  are  found  throughout  the  intestinal  tract  and 
may  be  single  or  multiple-  They  gi-ow 
from  the  submucous  coat  and  project  in- 
ward. Some  of  them  are  solid  couuective- 
tissue  tumors,  covered  by  the  mucous  mem- 
brane which  they  have  pushed  inward. 
Others  are  of  the  same  character,  bnt  of 
large  size.  lu  others  the  ooimective  tissue 
is  arranged  in  branching  tufts,  covered 
with  cylindrical  epithelium;  and  in  these 
last  tumors  there  may  also  be  tubules  lined 
with  cylindrical  epithelium,  giving  to  the 
growth  the  characters  of  an  adenoma. 

Lymphoma. — Growths  of  tissue  somewhat 
resembling  that  of  the  lymphatic  tissue  of 
the  lymph-uodes  may  originate  iu  the  soli- 
tary and  agminated  nodules,  and  in  the  in- 
testinal wall  in  cases  of  leuktemia  and 
pseudo-leukeemia  (Fig.  343). 

Similar  growths  are  found  as  indepen- 
TnrM.CTiflM^'^HANS''o^THK  ^^^^  Icsions  both  in  the  large  and  small  in- 
SHiLL  iNTisTi.M.  testiucs.    These  are  irregular,  diffuse  growths 

infiltrating  the  wall  of  the  iutestine,  the  mes- 
entery, and  the  ueighboring  lymph- nodules,  and  may  reach  a  consider- 
able size.  They  often  ulcerate  internally  and  may  lead  to  dilatation  or 
stenosis  of  the  intestine.     The  classification  of  such  tumors  is  difficult 


FlO.  8*3,— "LTMPHOMiTA"  OF  THE  iKTtSTIint  IN  PSKtrDO-LSBI^lllA— HODOKlN'fl  DlSSABX. 


and  it  is  often  doubtful  whether  they  should  be  grouped  with  the  sar- 
coma or  the  so-called  lymphoma. 

Sarcomata  are  of  occasional  occurrence  in  the  intestine.     They  appear 
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to  be  more  freqaeut  in  the  small  iotestiiie  aud  in  the  rectnm  than  in  the 
large  iutestine.  While  various  structural  types  are  recorded,  the  so- 
called  lympho-sarcomata  are  most  common.' 


SboWH  a  porUon  ol 


Adenomata  ai-e  found  in  the  duodenum,  colon,  and  rectum.  They 
form  flat  infiltrations  of  the  wall  of  the  intestine  (Fig.  344),  or  project 
inward  as  polypoid  tumors.  Tliey 
are  composed  of  tubular  follicles, 
like  those  of  the  intestinal  mucous 
membrane,  aud  of  a,  connective- 
tissue  stroma.  In  some  of  these 
tumors  the  tubules  have  a  regular 
shape  and  arrangement;  there  is 
no  infiltration  of  surrounding  tis- 
sue ;  the  tumor  is  of  benign  nature. 
In  other  tumors  the  tubules  are  ir- 
regular in  shape  and  arrangement, 
and  the  growth  infiltrates  the  sur- 
rounding parts  (Fig.  345).  There 
is  uo  sharp  dividing  line  between 
these  tumors  and  the  carcinomata. 

'  For  resume  and  biblii>grapliy  of  sar- 
coma of  small  ioKstinc  sec  Libmaa,  Am. 
Jour.  Me<i.  Sciences,  vol.  cxx.,  p.  809, 
1900.  For  bibliography  of  sarcoma  of 
large  intestine  sceJopg'in  and  It7it'(e,  ibid., 

vol.  cxxli.,  p.  807.     ForaresumS  with  bibliography  of  melano- 
see  Wiener,  Ziegler's  BeitrBge,  B<i.  xxv.,  p.  323.  1899, 
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Caroinoma  develops  most  ofteu  in  tlie  colon  and  the  daodennm.'  The 
forms  which  have  been  described  in  the  stomach  occni-  also  here,  i.e.:  1. 
The  vtedutlary  forms  with  relatively  little  stroma,  and  epithelial  cells 
either  in  solid  masses  within  the  alveoli;  or  maintaining  in  a  measure  the 
gland  type — adenocarcinoma.  2.  FibroM/orm—acirrhus.  3.  Gekitinom 
formn,  which  are  more  common  here  than  in  the  stomach.  Epithelioma 
often  involves  the  anus  and  rectnm. 

TUMOBs  OF  THE  APPENDIX  are  rare — fibroma,  lipoma,  myoma,  tar* 
coma,  endothelioma,  and  caroinoma  are  recorded.'  Several  cases  of  pri- 
mary carcinoma  of  the  appendix  have  been  observed.' 

INTESTINAL  OONOSETIONS.    (EnteroUths.) 

There  are  sometimes  found  in  the  intestines  round,  ovsl,  or  insular 
masses  of  firm  consistence.  They  are  usually  small,  but  may  reach  the 
size  of  a  man's  fist.  They  are  composed  of  ffecal  matter,  mucus,  bile,  the 
carbonate  and  phosphate  of  lime,  and  triple  phosphate.  They  may  in- 
duce inflammations,  ulceration,  and  perforation. 

The  aniTnal  parasUe»  of  the  gastrointestinal  canal  have  been  already 
considered  in  another  part  of  this  book.* 


The  Peritoneum. 

KaUormatioiiB. 

Arrest  In  development  of  tlie  peritoueum  may  be  manifested  In  flssureB  in  the 
meaiat  line  or  external  to  it;  in  &bscDcc  of  the  diaphrogm ;  in  fusion  with  the  pleura; 
aod  in  incomplete  formation  of  the  mesentery,  the  omentum,  and  the  other  folds  of  the 
peritoneum. 

Excess  of  development  occurs  in  the  sliape  of  unusual  length  of  the  mesentery,  the 
omentum,  aod  tbe  other  folds  of  the  peritoneum;  or  of  supernumerary  folds  and 
pouches.  These  are  chiefly  found  in  the  hypogastric,  iliac,  and  inguinal  regions  and 
near  the  fundus  of  the  bladder.  There  may  be  access  to  these  sacs  by  a  well-defined 
fissure  or  ring,  which  Is  frequently  surrounded  by  a  tendinous  baud  lying  in  the  diipli- 
cature.    These  may  give  rise  to  internal  incarceration  of  the  intestines. 


The  collection  of  transudate  in  the  peritoneal  cavity  may  be  the  re- 
sult of  chronic  venous  congestion,  especially  in  connection  with  obstruc- 
tion of  the  portal  circulation  in  cirrhosis  from  thrombi,  emboli,  etc.,-  or 
with  chronic  heart  and  kidney  diseases.     It  is  often  associated  with 

I  See  liollfgton.  Lancet,  April  20th,  1001. 

'  For  bibliography  of  tumors  of  tlie  appendix  see  Xelty,  Proc.  Path,  Soe.  of  Phlla' 
delphia.  n.  s.,  vol.  iii.,  p.  1U9. 

'  Whtpham,  Lancet,  1901,  vol.  i.,  p.  :U0.  Jc$iup,  Med.  Rec,  August  23d,  1903. 
.Votehcoicilz.  Ann.  of  Surgery,  June,  IMS,  bibl.  -Vorris,  Bull.  Univ.  Peuua.,  jivi.,1608, 
p.  884, 

*  For  recent  bibliography  of  lesions  of  the  intestines  see  Tlwrd.  Lubarsch  and  Oster- 
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similar  conditions  in  the  pleura  aad  pericardiam.  ChylwtH  aadiea  may 
resnlt  from  a  rapture  of  the  thoracic  duct  or  from  a  transudation  from 
the  chyle  vessels. ' 

XNTLAHHATION.    (FeiitonitU.) 

Acute  FeritonitiB. — Acute  iuflammatiou  of  the  peritoneum  may  occur 
as  a  primai-y  process,  but  is  much  more  often  secondary.  In  the  latter 
case  it  may  be  associated  with  wounds  and  contusions  of  the  wall  of  the 
abdomen;  wounds,  ulcers,  new  growths,  incarcerations,  intussiLScep- 
tious,  ruptures,  perforations,  and  Inflanunatious  of  the  stomach  and  in- 
testines; inflammation  of  the  vermiform  appendix ;  injuries,  ruptures, 
and  indamniatiouB  of  the  uterus,  ovaries,  and  Fallopian  tubes;  rupture 
and  indammation  of  the  bladder ;  iuflammatiou  of  and  about  the  kidneys ; 
abscesses  and  hydatid  cysts  of  the  li*-er ;  inflammation  of  the  gall-bladder 
and  large  bile  ducts ;  thrombosis  of  the  portal  vein ;  inflanmiations  of  the 
spleen,  pancreas,  lymphatic  glands,  retroperitoneal  connective  tissue, 
vertebne,  ribs,  and  pehic  bones;  pyfemia  and  other  infectious  diseases. 
The  inflammation  is  at  first  either  local  or  general.  A  local  peritonitis 
may  remain  circumscribed,  or  it  may  spread  and  become  general. 

We  may  distinguish  two  anatomical  forms  of  acute  peritonitis. 

1.  Cellular  Peeitonitis. — This  form  of  peritonitis  may  he  in- 
duced by  any  irritant  which  does  not  act  too  enei^etically.  It  can  be 
excited  in  dogs  by  intraperitoneal  injections  of  very  small  quantities 
of  a  solution  of  chloride  of  zinc.  In  the  human  subject  we  find  it  with 
perityphlitis,  with  circumscribed  abscesses  in  the  peritoneal  cavity,  in 
puerperal  fever,  and  other  infectious  diseases  with  early  death. 

At  the  autopsy  the  entire  peritoneum  may  be  congested ;  but  there 
are  no  exudates  and  no  other  lesions  visible  to  the  naked  eye.  Minute  . 
examination,  however,  shows  a  very  marked  change  in  the  mesothelial 
(endothelial)  cells.  The;^  are  increased  in  size  and  number,  and  the 
new  cells  coat  the  surface  of  the  peritoneum  and  project  outward  in  lit- 
tle masses  (Fig.  346).  TUisformof  iuflammatiou,  in  many  cases  at  least, 
if  life  be  prolonged,  passes  into  tiie  exudative  phase,  next  to  be  considered, 

2.  Exudative  Peritonitis. — This  which  is  the  common  form  of 
acute  peritonitis  presents  lesions  similar  to  those  which  have  been  already 
described  in  pleuritis  and  pericarditis.  Thus  there  is  a  form  in  which 
fibrin  is  tlie  chief  exudate  with  hut  little  serum ;  or  the  exudate  is  sero- 
fibrinous, or  purulent,  or  hiemorrhagic.  When  fibrin  is  present,  the  in- 
testinal coils  may  t>e  more  or  less  firmly  adherent  to  the  abdominal  walls 
or  to  each  other.  If  putrefactive  bacteria  be  present,  as  in  peritonitis 
from  perforation  of  the  intestine,  the  exudate  may  be  foul. 

Tn  local  inflammation  of  the  peritoneum  the  position  may  be  indicated 
by  the  name,  thus  perihepatitis,  x>eri8plenitia,  perityphlitis,  pelvic,  sub- 
phrenic, etc 

'  For  a  ElndT  of  milky  fluids  in  serous  cavities  consult  Shaw,  Jour.  Path  and  Bact.. 
vol.  vi.,  p.  330, '1900,  bibliograpliy. 
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Acnte  exudative  peritonitis  may  terminate  in  recovery  with  absorp- 
tion of  the  exudate,  permanent  connective-tissue  adhesions  and  thicken- 
nings  of  the  peritoneum  often  remaiuing.  Chronic  peritonitis  may  follow 
the  acute  phase. 

Bacteria  are  the  usual  excitants  of  acute  exudative  peritonitis.     In 


Fig.  8t6.-AcrTE  CILLClar  PESiTONmR-Hi: 

There  are  swellUij:  uid  prollfeiaUDa  ot  Ibe  DiMotbellal  rell!<  bs  well  u  of  tbe  fells  ot  (he  abrOlar  llnue  form- 
Ids  Ihe  omental  trabvcu  lie, 

primary  forms  of  peritonitis  the  Streptococcus  and  Staphylococcus  pyo- 
genes are  the  bacteria  most  frequently  present. 

In  secondary  exudative  peiitonitis  the  pyogenic  cocci  and  the  colon 
bacillus  have  been  most  fi'equently  found.  Of  the  other  bacteria  which 
have  l)een  found  in  tlie  exudate  we  may  name  the  pneumococcns,  the 
gonococcus,'  B.  pyocyaneus,  B.  proteus,  B.  aerogenes  capsulatus,  B. 
typhosus. 

There  is  abundant  evidence  that  bacteria  can  pass  from  the  intes- 
tinal cavity  through  its  wall  into  the  peritonenm  without  perforation, 
especially  in  regions  where  the  integrity  of  the  tissues  is  impaired  by 
disturbances  in  cirenlatiou  and  nutrition  or  in  necrosis,  as  in  strangula- 
tion of  the  gut." 

'  See  Ctiahiag  on  Gonococcus  peritonitis,  Jolins  Hopkins  Hospital  Bulletin,  vol.  x., 
p.  75,  1898. 

'Conault  for  aludies  end  bibliography  of  various  phases  of  peritonitis  Tarel  and 
Lam.  -Peritonitis,"  Mitlli.  a.  kl.  u,  med,  Insl.  d.  Scliweiz,  lEcilie,  Heft  1,  p.  1.  ISflS; 
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Chronio  Peritonitis  may  follow  the  acute  exadative  form  or  may  occur 
indepeudently.  The  lesions  vary.  In  one  group  of  cases  the  i)eritoneum 
is  beset  with  minute  tramiluceut  nodules,  sonictinies  visible,  sometimes 
invisible  to  the  naked  eye.  These  are  appareutly  formed  by  a  local  pro- 
liferation of  the  mesothelial  and  connective -tissue  cells.  Associated  with 
this  there  may  be  a  general  irregular  proliferation  of  the  peritoneal  meso- 
thelium.     This  has  been  called  chronic  cellular  peritonitis. 

In  other  cases  there  are  local  or  general  fibrous  adhesions,  sometimes 
firm,  sometimes  loose,  between  the  intestinal  coils  or  t)etweeu  the  intes- 
tine and  the  abdominal  wall.  In  this  way  sacculated  collections  of  sero- 
fibrinous or  purulent  exudate  may  form  in  the  abdominal  cavity.  Finally 
chronic  peritonitis  may  I'esult  in  a  dense  fibrous  thickening  of  the  peri- 
toneum, either  local  or  widespread. 

In  some  cases  the  parietal  peritoneum  is  principally  involved;  in 
others  the  peritoneum  of  the  stomach,  intestines,  liver,  and  spleen.  The 
thickening  of  the  capsule  of  the  liver  may  be  attended  with  a  diminution 
in  the  size  of  that  viscus.  There  may  or  may  not  be  adhesions;  serous 
or  other  exudate  may  be  present.  Great  distortion  of  the  omentum, 
mesentery,  and  other  abdominal  viscera  may  occur. 


FlO.  31T,— UlLlARY  Tl.'B£KCL£S    OF  THE    OMENTDH. 

Tuberculous  Peritonitis  may  occur  in  acute  general  miliary  tuberculosis 
or  it  may  be  secondary  to  tuberculous  inflammiition  elsewhere,  as  in  the 

SMrriirfimiat,  tWrf.,  Hefl  5,  p.  488;  Ftfrner,  PliJkdelpbia  Mc<l.  Jour.,  November  12tli. 
1898;  (''illen.  JohusIIopkina  Hospital  Rejiorts,  vol.  Iv.,  p.  411,  1885;  Abrammc,  Ziegler's 
Bfitr.  Bd.  xxiii.,  p.  1.  1898;  Biiiiiier.  ibid..  Bd.  xxv.,  p.  453,  1899. 

For  special  Btudii's  on  tlie  entrance  of  micro-ormnisms  into  the  body  from  tlie 
gftatro-inlesllnal  canal  see  Oaitz,  Zeila.  f.  Hygiene.  Bd.  xxlx.,  p.  505.  1898;  Bir<-/i- 
/itr^/i/eW,  Ziegler's Beitr..Bd.  x.xiv..  p.  804.  1898;  Brie/ibindei;  Deutsche  Zeits.  f.  C'liir, 
Bd.  Iv.,  H.  6  and  7,  1900:  Mnrciia.  Zeits.  f.  Heilkunde,  Bd.  xx..  p.  437.  1899;  also 
Wiener  klin,  Woe hcnseli rift,  January  iUl.  1901 ;  Bat^na,  Jour.  Med.  Ues.,  vol.  x.,  1903, 
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lungs  or  geuito-uriDary  organs  or  intestines;  or  itiaaybe  an  independent 
process.  The  process  may  be  local  or  general  in  the  peritoneum.  The 
lesions  may  be  miliary  in  character  (Fig.  347)  or  there  may  be  large  foci 
of  new-formed  tubercle  tissues  with  considerable  necrosis.  There  may 
be  more  or  less  serous  or  serofibrinous  or  purulent  or  hemorrhagic  ex- 
udate. Fibrous  adhesions  may  form  between  the  intestinal  coils  and  the 
peritoneal  walls  with  the  encapsulation  of  exudate.  Ulceration  of  the 
tubercle  tissue  may  occur,  or  it  may  become  dense  and  fibrous  and  is  then 
often  pigmented.  The  tuberculous  inflammation  may  be  limited  to  the 
vicinity  of  tuberculous  ulcers  of  the  intestine.  It  may  involve  the  omen- 
tum, which  is  couverted  into  a  hard,  thick,  dense  mass  at  the  upper  part 
of  the  abdominal  cavity.' 


Fibromata  are  developed  from  the  subperitoneal  connective  tissue  and 
project  inwsird  into  the  peritoneal  cavity.  They  are  found  beneatli  the 
parietal  peritoneum  and  that  covering  the  intestiuetj.  Such  tumors  may 
reach  a  very  considerable  size.  Papillary  fibromata  of  the  peritoneum 
(Figs.  348  and  446)  may  be  secondary  to  papillary  fibroma  of  the  ovary. 

Lipomata. — Circumscribed  tumors  composed  of  fat  tissue  are  formed 
beneath  the  intestinal  and  parietal  peritoneum  and  in  the  mesentery. 
Tliese  tumors  may  become  changed  into  fibrous  tissue  or  calcified.  Their 
pedicles  may  become  atrophied  so  that  they  are  left  free  in  the  peritoneal 
cavity. 

When  they  grow  beneath  the  parietal  peritoneum  they  may  form  fat 
herniie.  At  the  umbilicus,  in  the  inguinal  canal,  along  the  vas  deferens, 
in  the  crural  ring,  and  in  the  obturator  foramen,  fatty  tumors  may  grow, 
project  outward  under  the  skin  like  hernifc,  aud,  by  drawing  the  perito- 
neum after  them  into  a  pouch,  may  open  the  way  for  a  future  intestinal 
hernia. 

Very  lai^e  retroperitoneal  and  perirenal  lipomata- are  of  occasional 
occurrence." 

Retroperitoneal  Barcomata  are  found  both  in  children  aud  adiUts. 
They  usually  originate  behind  the  i>eritoneum,  covering  the  posterior 
part  of  the  abdomiual  wall,  and  may  grow  between  the  folds,  of  the 
mesentery. 

They  may  be  of  the  small  spheroidal -celled  type  (lympho-sarcoma)  or 
of  the  fusiform-celled  type.  They  are  often  very  vascular.  At  first 
they  grow  slowly  inward,  pushing  forward  the  peritoneum  aud  abdominal 
viscera.  After  a  time  they  assume  a  more  noxious  character,  infiltrating 
the  soft  parts  with  which  they  come  in  contact,  and  forming  metastatic 

'  For  bibliography  with  refurenre  to  operative  treatment  see  Bottomley,  Reports 
Boatou  City  Hosp.,  scr.  11,  p.  118,  1900,  For  a  full  critical  Bummary  of  the  literature 
of  peritonitis  from  1885  to  1900  aee  Bwmn,  Centralbl.  f.  Path.,  Bd.  xii..  pp.  1.  85.  1901. 

^For  bibliography  of  such  tumors  see  Adami,  Montreal  Med.  Jour.,  vol.  xsv.,  pp> 
fi2»,  620, 1807. 
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tumors  Id  the  omenttun,  meseutery,  iutestiual  wall,  liver,  lungs,  aud  iu 
other  viscera. ' 

Endotheliomata  similar  iu  structure  to  those  origiuatiug  iu  the  pleura 
are  of  occasional  occurrence  iu  the  peritoneum.  They  may  form  single 
well-defined  tumors  or  flattened  masses  iu  the  thickened  peritoneum. 
Cuhoidal  or  polyhedral  cell  masses  often  grouped  along  the  side  of  anas- 


FiG,  34B.— PiriLURT  Fibroma— Pa  Ft  llom  a -or  PERiTONEru. 


tomosiug  channels  in  the  new-formed  or  old  connective -tissue  stroma 
sometimes  lend  a  glandular  appeai-auce  to  the  type  of  growth. 

These  tumors  appareutly  originate  in  the  true  endothelium  of  the 
subperitoneal  lymph  channels  and  not  iu  the  flat  cells  often  called  eudo- 
thelial^mesot  helium — lining  the  peritoneum. 

Carcinoma  of  the  peritoneum  is  usually  secouduTv  to  this  disea^  in 
adjacent  regions,  stomach,  liver,  uterus,  etc.  Its  structural  charactei's 
correspond  with  those  of  the  primary  growth.  It  is  apt  to  appear  in 
the  form  of  numerous  larger  and  smaller  whitish  nodules,  sometimes 
local,  sometimes  widely  disseminated  over  the  peritoneal  surfaces.  Such 
tumors,  when  small  and  numerous,  may  readily  be  mistaken  for  tubercles. 
'  See  tor  bibliography  SUeU.  Am.  Jour.  Med.  Science,  vol.  cxix.,  p.  311. 
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Gelatinous  Carcinoma  is  not  infrequent  and  sometimes  seems  to  be 
primary  ill  the  peritoneum.  But  iusuch  cases  the  possibility  of  saorigia 
in  tlie  mucous  membrane  of  tbe  colon,  iu  which  such  growths  are  com- 
mon, and  the  extension  outward  without  evidence  of  growth  in  the  gut 
is  not  improbable.  Gelatiuous  caucer  often  forms  targe  masses,  which 
widely  involve  the  peritoneum  and  distend  the  cavity. 

Various  forms  of  tumors  of  the  umbilicus  have  been  described.' 


CT8T8. 

Cysts  of  the  mesentery  are  of  occasioual  occurrence.'  Tbey  may  be 
filled  with  chyle,  with  blood,  or  with  serous  fluid,  or  may  be  due  to  the 
echinococcus. 

Multiple  cysts  of  the  ontentum  may  form  by  transplantation  of  papillary 
cyst-adenomata  from  the  ovary  (see  Fig.  349).' 

Dermoid  cysts  may  be  found  in  the  peritoueat  cavity.  Retroperitoneal 
cysts  have  been  a  few  times  recorded. 

PARASITBS. 

Xchinocooci  can  be  formed  in  their  regular  way  at  any  part  of  the 
visceral  and  parietal  peritoneum,  or  be  free  in  the  peritoneal  cavity. 
These  cysts  may  be  small,  or  so  large  as  nearly  to  fill  the  abdominaJ 
cavity. 

Cyiticeroui  oellnlosse  may  also  be  developed  in  the  subperitoneal  con- 
nective tissue. 


The     Salivary    G-lands-— The    Parotid,    Submaxillary,    and 
Sublingual. 

nfT'LAHHAOMON. 

Acute  Farotitii,  occurriug  as  an  epidemic  disease  kuowa  as  mumps, 
is  usually  confined  to  the  parotid  gland  of  one  side ;  the  submaxillary  aud 
sublingual  may  be  at  the  same  time  involved.  The  gland  is  swollen  and 
there  is  often  oedema  of  the  mucous  membrane  of  the  mouth  and  pharynx. 
Very  little  is  known  of  the  minute  changes  which  the  glaud  uudei^oes  in 
this  disease. 

Suppurative  Farotitia  occasionally  occui-s  as  a  secondary  lesion  in  a 
variety  of  diseases,  as  iu  typhoid  aud  scarlet  fever,  pytemia,  pneumonia, 
etc.,  aud  by  propagation  of  infiammation  from  the  mouth.  Under  these 
conditions  the  iuflanunation  is  usually  suppurative  and  frequently  results 
in  abscess  or  sloughing.  The  interstitial  tissue  of  the  gland  is  more  or 
less  densely  infiltrated  with  pus  cells,  and  the  parenchyma  cells  may  an- 

■  See  Oiannettatio,  Arch.  g^n.  de  MM.,  t.  Hi.,  p.  62, 1900. 

'For  bibliography  of  cvstB  of  the  incscDtery  see  Dmed,  Annala  of  Surgery,  vol. 
xxxii,,  p.  461,  1900. 

'  For  bibliography  of  cysts  of  the  onieDtum  see  Jarobi,  Trans.  Asan.  Am.  Phys., 
vol.  xtL.  p.  833. 
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dei^o  fatty  d^eneratioD  and  disiDtegration.  The  inflanunatioD  may  be 
coDfiued  to  the  glaiid  or  it  may  spread  to  adjacent  parts,  sometimes 
cansiug  much  destrnction  of  tissue,  and  may  give  rise  to  ioflammatiou  of 
the  brain  or  of  the  inner  ear,  or  even  to  metastatic  pyaemic  abscesses  in 


Fia.  849.— CTsric  Pafillohi  of  tbc  OHEnnnt. 
SecoDdUT  lo  papllkiEtisol  tbe  ovules. 

different  parts  of  the  body.     Healing  may  occur,  with  the  formation  of 
salivary  fistulfe. 

The  aabmaxillary  {^land  may  be  involved  with  the  parotid  in  the  sup- 
purative inflammation.  Acute  suppurative  inflammation  of  the  connec- 
tive tissue  about  the  submaxillary  gland  is  sometimes  of  serious  import. 
Sloughing  and  gangrene  may  occur  and  are  apt  to  spread  to  adjacent 
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parts.  Septictemia,  cedema  of  the  glottis,  or  pDeumonia  may  complicate 
the  process  aud  cause  death. 

The  lablingnal  ffland  is  not  oftea  the  seat  of  iuflammatioo. 

Chronic  inflammation,  leading  to  the  formation  of  deuse  interstitial 
tissue,  sometimes  occurs  in  the  salivary  glauds.  This  may  occur  by 
itself  or  follow  an  acute  inflammation.  Tvi>erculous  inflammation  of  the 
parotid  is  not  infrequent.' 

The  Excretory  Duota  of  the  salivary  glands  may  become  inflamed  from 
the  presence  of  foreign  bodies  or  of  concretions  formed  in  them.  They 
may  become  occluded  from  the  presence  of  calculi  or  as  the  result  of 
inflammation,  and  may  thus  become  widely  dilated  both  in  the  main 
branches  and  in  the  finer  ramifications.     The  dilatation  of  Wharton's 


Fia.  3Ga— ENDOmiMOHA  OF  THB  PAROTrD. 

duet  to  form  larger  and  smaller  cysts  containing  salivary  fluid,  sometimes 
gives  rise  to  very  lai^  and  troublesome  tumors  which  constitute  one  of 
the  forms  of  ranvla.' 

TtTUOBS  OF  THE  8ALIVART  GLANDS. 

Fibromata  are  of  occasional  occurrence  in  the  parotid.  Chondromata, 
eadotheliomata,  sarcomata  and  fibro-Baroomata,  and  myzomata,  or  more  fre- 
quently mixed  tumors  formed  of  various  combinations  of  these,  are  of 
frequent  occurrence  in  the  parotid  and  of  occasional  occurrence  in  the 
submaxillary  gland.  These  complex  or  mixed  tumors  are  of  more  fre- 
quent occurrence  in  these  glauds  than  in  any  other  part  of  the  body,  ex 
cept  possibly  the  ovary.  They  are  sometimes  rendered  still  more  com- 
plicated in  structure  by  the  formation  of  cysts,  and  what  has  been 
reganled  usually  as  an  atypical  glandular  growth,  lending  them  au  ade- 
nomatous character  (Fig.  .S50),  Earlier  studies  upon  the  mixed  tumors 
of  the  salivary  glands  led  to  the  belief  that  a  large  part  of  these  complex 
growths  are  endotheliomata,  which  are  especially  prone  in  these  regions 

'Consult  Metlay  and  Parent,  Qaz.  dea  UQpitaux,  February  lltli,  1899,  bibl. ;  also 
Wood.  Bull.  Univ.  Penna.,  vol.  xvL.  1903.  p.  68. 

'  For  recent  liililiogmphv  of  leaioua  of  ttie  salivary  glands  see  Thorel,  Lubarscli  and 
Oatertag'B  "  Ergcbniast,"  Jolirg.  v.  for  1898.  p,  221. 
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to  nudei^o  secondary  degenerative  or  metaplastic  changes.'  Tbe  mixed 
parotid  tumors  differ  id  many  respects  from  those  elsewhere  in  the  body 
and  iD  ways  which  suggest  an  origin  in  congenital  malformations.  More 
recent  Bttidies  indicate  that  many  cell  forms  formerly  interpreted  as  en- 
dothelial are  epithelial.* 

Fibrosarcoma  and  melanosarcomH  have  been  described. 

A  case  of  rhabdomyoma  of  the  parotid  gland,  with  evidences  of  atypi- 
cal development  of  portions  of  the  gland,  has  been  described.'  Primary 
oareinomaof  these  glands  is  rare. 

The  Pancreas. 
Halformatlona  and  Diaplacementa. 

The  pancreas  maybe  entirely  absent  in  acepbalousand  double  monsters.  The  pan- 
creatic duct  may  be  double ;  it  may  open  into  tlie  duodenum  at  some  distance  from  the 
biliary  duct,  or  Into  tbe  stomach.  Tbe  bead  of  the  pancreas  may  be  unduly  developed 
and  sometimes  even  completely  separated  from  the  rest  of  the  organ,  opening  into  the 
duodenum  with  a  duct  of  its  own.  Uccasionally  tbere  is  a  small  accessory  pancreas 
situated  beneath  the  serosa  of  the  duodenum  or  stomach. 

The  pancreas  is  so  firmly  bound  down  that  Its  position  Is  not  often  changed.  Some- 
times, however,  It  Is  found  pressed  downward  by  tight  lacing,  displaced  by  aneurisms, 
or  contained  in  umbilical  and  diaphragmatic  hernis. 

ATSOFHT,  DEaEHSBATION,  AND  NECB0SI8. 

Atrophy  of  the  pancreas  may  occur  in  old  age  and  as  a  result  of  press- 
ure from  tumors  or  other  adjacent  structures,  and  may  be  associated  with 
fatty  inhltration.  It  occurs  in  a  certain  proportion  of  cases  of  diabetes 
mellitus. 

Anto^igestion  of  portions  of  the  pancreas,  intra  vitam,  has  been  de- 
scribed, and  may,  it  is  believed,  lead  to  localized  formation  of  fibrous 
tissue  in  the  oi^u.' 

Albuminoai  Degeneration  may  occur  in  acute  infectious  diseases.  The 
organ  may  be  red,  swollen,  and  cedematons.  The  most  marked  minute 
lesions  are  swelling  and  albuminous  degeneration  of  tbe  gland  epithelium 
with  hyperatmia  and  interstitial  CBdema. 

Fatty  Degeneration  may  follow  albuminous  degeneration  and  is  most 
common  in  poisoning,  especially  by  phosphorus. 

Fatty  Infiltration,  which  should  be  distinguished  from  fatty  degenera- 
tion, consists  in  the  accumulation  of  fat  in  the  interstitial  tissue  of  the 
gland  {Fig.  351).  This  when  excessive  may  be  associated  with  almost 
complete  atrophy  of  the  gland  structures.  Under  these  conditions  the 
outline  of  the  oi^an  may  be  presened,  the  fat  being  enclosed  by  the 
capsule. 

'  Volk-nann.  Deutsche  Zeiis.  f.  Chir.  Bd.  xli.,  p.  61. 

'For  a  critical  studv  of  the  mixed  tumors  of  the  salivary  gland  see  Wood,  Ann.  of 
Burgcrv.  vol   iLXxin.,  1^,  p.  57.  bibl. 

'  Prudden,  "Rhabdomyoma  of  the  Parotid  Gland,"  American  Journal  of  tbe  Medi- 
cal Sciences,  April,  1888. 

'  Chiiiri.  Prager  med.  Wochenschrift,  vol.  xxv.,  No,  14,  IBOO. 
37 


■Digitized  byGoOgIC 


5(8  THE  DIGESTIVE  SYSTEM. 

Amyloid  Degeneratian. — This  usually  occurs  in  counectiou  with  similar 
degeneration  in  other  organs,  and  is  confined  to  the  walls  of  the  blood 
vessels  and  the  interstitial  tissue. 


Fia.  851.  — PaTTV  ISFlLtEATJOH  WITH   AlROPHr  Ot  IHt  PiM-KKiS. 

Hyaline  degeneration  involving  and  limited  to  the  islands  of  Langer- 
hans  haii  been  decribed  by  Opie  and  others  in  diabetes  without  other 
marked  lesions  of  the  panci'cas. ' 

Fat  Hecroiis. — This  is  a  peculiar  lesion  of  the  fat  tissue,  most  frequent- 
ly seen  about  the  pancreas  or  between  its  lobules,  but  sometimes  in  fat 
tissue  in  other  parts  of  the  body.     White  or  yellowish  nodules,  varying 

'Opfe,  Jour.  Eip,  Med.,  vol.  T.,p.  S37,  1901;  also  0;n>,  "Diseases  of  tlie  Pancreas." 
in  which  may  be  found  bibliograpliy  of  structure,  function,  and  li'sions  of  the  pancreas. 
For  a  study  of  tlie  dcTelopnient  of  tlic  islands  of  LaugeTbaus  in  Iiuiiuid  enibryo  see 
Ihirec,  Am.  Jour.  Anat,,  vol.  ii.,  1903,  p.  445. 
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from  the  size  of  a  piu'sbead  to  that  of  a  pea  or  latter,  areaeen  embedded 
in  the  fat,  the  central  portion  being  oft«n  soft  and  gramons.  They  are 
sometimes  calcified  and  eometimea  snrrouuded  by  s  connective-tissue 
capsnle.  Microscopical  examinatiou  shows  necrosis,  degeneration,  and 
disintegration  of  the  fat  tissue  (Fig.  352). 

Fat  necrosis  is  usually  associated  with  lesions  of  the  pancreas — heemor- 
rhi^ic  iufiltration,  necrosis,  giingrene,  and  acute  and  chronic  iuflamma- 


Fie,  3ffi,— Fat  N«rnnHia  i.v  thk  PiNrESAs. 

torj-  processes.  The  lesion  has  been  shown  to  be  due  to  some  siibstaiiee 
in  the  pancreatic  secretion  which  splits  tlie  fat  molecule  into  fatty  acids, 
which  may  crj'stallize,  and  soluble  substances;  calcification  is  of  later 
occurrence.  Experimental  studies  have  shown  that  fat  necrosis  can  be 
induced  by  such  operative  procedures  as  direct  the  pancreatic  secretion 
into  fat  tissue  either  Immediately  about  the  pancreas  or  elsewhere, ' 

H2HORRHAOS. 

Hremorrhage  into  the  substance  of  the  pancreas  may  occur  as  the  re- 
sult of  injury;  in  the  hiemorrhagic  diathesis;  in  connection  with  valvu- 
lar diseases  of  the  heart  or  interference  with  the  portal  circulation ;  or 
in  connection  with  extensive  fatty  degeneration,  or  with  local  necrosis, 
or  with  fat  necrosis  of  the  organ.  Such  hemorrhages  may  be  minute  or 
extensive.  Several  cases  of  sudden  death  are  recorded  in  which  the  only 
discoverable  lesion  was  an  extensive  hiemorrhage  into  the  substance  of 

'For  studies  in  fnt  necrosis,  witli  bibliogmpliy,  see  Opie,  "Diseases  of  the  Pan- 
creas"; also  Wflla.  JouT,  Meii.  Research,  vol.  in,,  p.  70. 
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the  gland  and  the  tjaaue  about  it.  The  haemorrhage  may  be  moderate 
aud  limited  to  the  pancreas,  or  it  may  extend  into  the  subperitoneal  tis- 
sue for  a  considerable  distance. 

Usamorrhage  of  the  pancreas  may  Ite  associated  with  acute  indamma- 
toi-y  changes  and  with  more  or  less  extensive  gangrene  of  the  organ. 


INFLAMMATION.    (Fancreatitis.) 

Htemorrhagio  Pancreatitis. — In  this  form  of  disease  hfemorrhage  simi- 
lar to  that  above  described  is  associated  with  suppurative  iudammatioD 
or  gaugreue  or  both.  The  gangrenous  pancreas  may  be  more  or  less  en- 
capsulated ;  it  may  be  surrounded  by  pus  \  it  has  by  an  opening  through 
the  intestinal  wall  entered  the  gut  and  been  discharged.  Hiemorrhagic  . 
pancreatitis  is  often  associated  with  fat  necrosis. 

The  conditions  leading  to  pancreatic  hsemorrhage  and  hiemorrhagic 
pancreatitis  are  not  yet  fully  clear,  but  experimental  studies  of  Flexuer 
and  Opie  indicate  that  in  some  cases  at  least  the  presence  of  gastric  juioe 
or  of  bile  or  other  substances  in  the  pancreatic  duct  may  be  of  impor- 
tance. The  frequent  association  of  gaJl-stoues  with  hemorrhagic  pan- 
creatitis is  significant. ' 

SnpporatiTe  Fanoreatitii  is  not  very  common,  and  may  be  primary  or 
due  to  the  extension  of  a  suppurative  inflammation  from  adjacent  or  dis- 
tant parts  of  the  body.  There  may  be  a  diffuse  infiltration  of  the  organ 
with  pus  cells  or  larger  and  smaller  abscesses.  The  abscesses  may  open 
into  the  gastrointestinal  canal  or  into  the  peritoneal  cavity.  The  causes 
of  primary  suppurative  jKincreatitis  are  often  most  obscure.  It  may  be 
associated  with  fat  necrosis  and  with  hsemorrhage  and  gangrene  of  the 
pancreas. 

Various  forms  of  bacteria  have  been  found  in  the  necrotic,  htemor- 
rhi^c,  and  inflammatory  lesions  of  the  pancreas,  but  Jn  most  cases  the 
significance  of  their  presence  is  not  clear,  since  necrotic  and  hiemorrhagic 
foci  may  afford  regions  favorable  to  the  lodgment  and  proliferation  of 
micro-organisms  which  are  secondary  iuvaders  and  whose  lesions,  if  such 
be  induced,  are  complicating  and  not  primary.' 

Chronio  Interstitial  Fanoreatitii. — This  lesion  consists  in  an  increase  of 
interstitial  connective  tissue,  which  may  be  general  or  confined  to  some 
particular  portion  of  the  gland.  The  new-formed  tissue  may  be  inter- 
lobular or  interacinar  in  distribution. 

The  organ  is  sometimes  enlarged,  sometimes  smaller  than  normal.     It 

'  For  a  Htiidy  of  tbe  relatioDsbips  between  choletithiasia  aad  diseases  of  the  pancreas 
see  Opi«,  "Disea-sea  of  the  Pancreas." 

For  a  sturtyof  ex  peri  mental  pancreatitis  see  FUxn^,  University  Medical  Magazine. 
vol.  xiii.,  p.  780,  1901;  also  Flatier  aiid  Ptaree,  Trans,  Assn.  Am.  PLj-s.,  vol,  svi., 
p,  849;  also  Ojde.  Ivc.  til. 

'  For  a  detailed  coasideratinn  of  acute  Inflammation,  bfemorrbage.  ganerene.  and 
fat  necrosis  of  the  paucreas,  with  biblioffraphv.  consult  Fit2.  Middleton  Qoldsinith  lec- 
ture on  "Acute  Pancreatitis."  Trans,  Sew  York  Patb.  Boc,,  1889.  For  later  bibli- 
ography see  Warthin.  Philadelpbia  Medical  Journal,  November  19th,  1898,  and  Opie. 
"Diseases  of  the  Pancrfjas," 
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is  usually  dense  and  hard ;  secoudaiy  atrophy  of  the  parenchyma  regu- 
larly occurs.  It  may  be  associated  with  chronic  infiammatory  processes 
in  the  vicinity  of  the  organ,  and  obstruction  of  the  pancreatic  duct, 

Taberooloiu  Inflammation. — Larger  and  smaller  tubercles  and  tuber- 
culous cheesy  nodules  are  occasionally  found  in  the  pancreas  in  con- 
nection with  acute  general  miliary  tuberculosis  or  with  tubercnlous  in- 
flammation in  some  other  organ,  particularly  with  that  of  adjacent 
lymph-nodes,  the  lungs,  aud  the  intestine. 

Byphilitic  Inflammation. — Chronic  interstitial  pancreatitis  is  frequently 
found  in  congenital  syphilis  of  the  new-bom.  The  fibrous  tissue  is  in- 
creased with  atrophy  of  gland  parenchyma,  but  the  islands  of  Langerhans 
persist.'  It  is  not  definitely  established  whether  or  not  a  similar  lesion 
may  be  caused  by  acquired  syphilis.  Gummata  are  very  rare  in  the  pan- 
creas, but  have  been  described  in  congenital  syphilis  in  very  young  chil- 
dren. 

TUHOKS. 

Cajcinoma  is  the  most  common  and  important  of  the  tumors  of  the 
pancreas.  It  may  be  primary  or  secondary.  Primary  carcinomata  are 
most  frequently  found  in  the  head  of  the  organ,  but  may  occur  in  other 
parts."  The  hard  or  scirrhous  form  is  most  common,  but  occasionally 
soft  and  succulent  and  gelatinous  forms  are  found.  They  are  liable  to 
involve  adjacent  parts  by  continuous  growth,  and  may  form  metastases 
in  the  liver,  adjacent  lymph-nodes,  etc.  Secondary  carcinoma  in  the 
pancreas  may  occur  in  carcinoma  of  the  stomach,  duodenum,  and  of  (he 
gall  ducts  and  gall  bladder.  As  a  resnlt  of  carcinoma  of  the  pancreas, 
aside  from  the  extension  of  the  growth,  there  may  be  pressure  on  the 
ductus  choledocbus,  with  jaundice ;  or  on  the  pancreatic  duct,  with  cys- 
tic dilatation ;  or  pressure  on  the  duodenum,  with  stenosis  of  the  gut ;  or 
pressure  on  the  vena  cava,  or  portal  vein,  or  superior  mesenteric  vein, 
etc.,  with  disturbances  of  the  circulation. 

Cysti. — These  are  mostly  dne  to  dilatation  of  the  pancreatic  ducts. 

1.  The  entire  duct  may  undergo  a  uniform  cylindrical  dilatation. 
With  this  cylindrical  dilatation  we  sometimes  find  associated  small  sac- 
euli. 

2.  There  may  be  sacculated  dilatations  at  some  points  in  tlie  ducts. 
These  dilatations  form  cysts  of  large  size,  aa  large  even  as  a  child's  head. 
Their  walls  frequently  undergo  degeneration  and  calcification.  These 
cysts  often  become  filled  with  blood,  and  may  then  be  mistaken  for 
aneurisms. 

3.  The  small  branches  of  the  pancreatic  duct  may  be  dilated  so  as  to 
form  a  number  of  small  cysts.  These  cysts  are  filled  with  serum,  mucus, 
pus,  or  a  thick,  cheesy  material. 

Cysts  of  the  pancreas  may  result  from  trauma,  inflammatory  closure 
'For  a  study  of  the  pancreas  In  congenital  syphilis  see  ftaPM,  Am.  Med.,  Dewmber 

36th.  1908, 

'  For  recent  bibliography  of  priman-  oarcinoras  of  the  pancreM  see  Baidmin,  Phlta- 

dclpliia  Med.  Journal,  December  32d,  IWK).  bibliography. 
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or  obstmctioD  of  the  ducts,  from  old  areas  of  necrosis  or  luemorrtiage, 
and  in  other  ways.' 

Conoretiou  of  carbonate  and  phosphate  of  lime  are  frequently  found 
in  the  pancreatic  ducts.  They  are  usually  multiple,  small,  whitish, 
smooth,  or  of  rough  and  irregular  shape.  Sometimes,  however,  they 
reach  a  diameter  of  more  than  an  inch.  They  consist  chiefly  of  calcium 
phosphate  and  carbonate.  Besides  these  free  concretions  the  walls  of 
the  ducts  are  sometimes  encrusted  with  salts  of  lime.  Such  concretions 
may  produce  dilatation  of  the  pancreatic  ducts  and  large  cysts,  or  more 
rarely  abscesses. 

forei^  Bodies. — Gall  stones  sometimes  find  their  way  into  the  pancre- 
atic duct.  Aacarides  have  been  found  in  the  ducts  in  a  considerable 
number  of  cases. 

niofT.  "  CvBts  of  PsDcreaa, 
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CHAPTER  Vm. 

THE  lilVEB. 

Kalfbnnaticma. 

Ofmgenitat  nutlformation*  of  the  liver  are  not  common  and  are  of  little  practical  Im- 
portance. The  organ  may  be  entirely  wanting;  the  lobes  may  be  diminished  or  in- 
creased in  number ;  its  form  may  be  altered,  bo  that  it  is  rounded,  flattened,  triangular, 
or  quadrangular.  The  gall  bladder  or  gall  ducts  may  be  wanting:  the  ductus  cboled- 
ochua  may  be  double,  both  ducts  emptying  into  the  duodenum,  or  one  emptying  into 
the  duodenum,  the  other  into  the  stomach.  The  single  ductus  cboledochus  may  also 
empty  into  the  stomach,  Ovring  to  abnormal  openings  in  the  diaphragm  or  the  abdomi- 
nal parietes,  the  liver  may  suffer  displacement  upward  or  forward.  In  congenital 
transposition  of  the  viscera  the  liver  is  found  on  the  left  ude,  the  stomach  and  spleen 
on  the  right  side. 

Small,  isolated  bodies,  having  the  same  structure  as  the  liver,  have  been  a  few  times 
found  in  the  suspensory  ligament  and  in  the  lesser  omentum. 

Acquired  Change  iiL  Size  and  Position. 

As  a  result  of  tight  lucing  very  marked  changes  are  sometimes  produced  In  the 
shape  of  the  liver.  By  the  narrowing  of  the  base  of  the  thorax  the  organ  is  compressed 
from  side  to  side,  and  its  convex  surface  is  pressed  against  the  ribs.  In  consequence 
of  this  there  are  found  ridges  and  furrows  oa  its  convex  surface.  In  consequence  also 
of  the  circular  constriction,  a  part  of  the  right,  and  usually  of  the  left  lobe  also,  be- 
comes separated  by  a  depression.  Over  this  depressed  and  thiuned  portion  of  the  liver 
the  capsule  is  thick  and  opaque.  In  extreme  cases  the  depression  and  thinning  reach 
such  an  extent  that  there  is  only  a  loose,  ligamentous  connection  between  the  separated 
portion  and  the  liver. 

A  series  of  depressions  are  sometimes  found  on  the  upper  surface  of  the  right  lobe 
of  the  liver,  running  from  front  to  back,  apparently  caused  by  folds  of  the  organ. 

Structural  alterations  in  the  liver  may  induce  changes  in  its  size  and  shape.  It 
may  be  increased  in  size  by  tumors,  hydatid  cysts,  abscesses,  fatty  and  amyloid  degen- 
eration, by  congestion,  and  sometimes  by  cirrhosis,  etc. 

It  may  be  diminished  in  size  by  atrophy,  by  cirrhosis,  by  acute  parenchymatous 
degeneration,  etc. 

Changes  in  the  position  of  the  liver  are  produced  by  alterations  Id  its  size,  by  press- 
ure downward  from  the  thoracic  cavity  and  upward  from  the  abdomen,  by  the  con- 
striction of  tight  lacing,  by  tumors  or  circumscribed  serous  exudation 'between  the  liver 
and  diaphragm,  by  curvature  of  the  spine. 

The  liver  is  readily  turned,  by  pressure  from  above  or  below,  on  its  transverse  axis. 
The  transverse  colon  maybe  fixed  above  the  liver  soas  to  push  it  backward,  downward, 
and  to  the  right.  There  area  few  cases  recorded  of  dislocated  and  movable  livers. 
These  occurred  in  women  who  had  borne  childreu  and  whose  abdominal  walls  were  lax. 
With  ascites  it  is  not  imcommon  to  find  the  liver  quite  movable.' 
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WOUNDS,   BUFTUBE,  AND  HSHOBBHAGB. 

Wonnds  of  the  liver  may  induce  heemorrhage,  which,  if  life  continue, 
is  followed  by  inflammatiou.  Serious  wounds  of  the  liver  are  usually 
fatal,  but  recovery  may  occur  eveu  after  the  destruction  of  a  consider- 
able portion  of  the  oi^n. 

Bnptnn  of  the  liver  may  be  produced  by  severe  direct  contasioos  or 
by  falls.  It  may  be  produced  in  children  by  artificial  delivery.  The 
rupture  usually  involves  botji  the  capsule  and  a  more  or  less  consider- 
able portion  of  the  liver  tissua  It  is  commonly  accompanied  by  large 
hemorrhage,  and  is  usually  fatal. 

hemorrhage. — Extravasations  of  blood  in  the  substance  of  tbe  liver, 
or  more  frequently  beneath  the  capsule,  may  be  found  in  new-bom  chil- 
dren after  tedious  or  forcible  labors.  In  adults,  hemorrhage,  except  as 
the  result  of  injury,  is  uncommon,  flxtravasations  of  blood  are  some- 
times seen  In  malignant  malarial  fevers,  especially  in  tropical  climates; 
in  scurvy,  purpura,  and  phosphorus  poisoning ;  and  bleeding  may  occur 
in  and  about  soft  tumors,  abscesses,  and  echinococcus  cysts.  It  m^r 
also  occur  as  a  result  of  thrombosis  of  the  hepatic  vein. 

AN.SMIA  AND  KTPEBJEKIA. 

Aiuemia  of  the  liver  may  be  general  or  partial.  It  may  be  due  to 
general  antemia  or  to  local  disturbances  of  the  circulation,  such  as  swell- 
ing of  the  cells  in  parenchymatous  or  other  degeneration,  pressure  of 
tumors,  etc  The  organ  appears  pale,  often  of  slightly  yellowish  or 
brownish  color.     It  may  be  harder  than  usual,  and  smaller. 

Hypertemia  of  the  liver  is  either  an  active  or  a  passive  process.  In 
health  the  amount  of  blood  in  the  liver  varies  at  different  times,  being 
regularly  increased  during  the  processa  of  digestion.  When  the  diges- 
tive process  is  unduly  influenced  by  the  iugestiou  of  spirits,  spices,  ete., 
the  hypercemia  assumes  abnormal  proportions,  and  when  this  is  often 
repeated  it  may  lead  to  structural  changes  in  the  organ.  Severe  contu- 
sious  over  the  region  of  the  liver  sometimes  cause  a  hypertemia,  which 
may  result  in  suppurative  or  in  productive  inflammation.  In  hot  cli- 
mates and  in  malarious  districts  active  and  chronic  hyperiemia  of  the 
liver  are  frequent  and  often  incite  structural  lesions.  In  scurvy,  also, 
the  liver  ia  sometimes  congested.  Cessation  and  suppression  cf  the 
menses  and  of  hsemorrhoidal  bleeding  may  be  followed  by  hypersemia  of 
the  liver.  In  all  these  varieties  of  active  congestion  the  liver  is  enlarged, 
of  a  deep  red  color,  and  blood  flows  freely  from  its  cut  surface. 

I\tssive  congestion  of  the  liver  is  produced  by  an  obstruction  to  the 
current  of  blood  in  the  hepatic  veins.  Valvular  diseases  of  the  heart, 
emphysema  and  fibrous  induration  of  the  Inngs,  large  pleuritic  effusions, 
intrathoracic  tumors,  angular  cuirature  of  the  spine,  aortic  aneurisms 
pressing  on  the  vena  cava,  and  constrictions  of  the  vena  cava  and  of  the 
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hepatic  veins,  may  all  lead  to  a  chroulc  hypenemia  of  the  liver.    In  such 
cases,  since  the  cougestlon  affects  principally  the  hepatic  veina,  we  find 


no.  353.-ctiu)Nic  coNoisTroN  or  thi  l:tib-"nctubo  litir." 

TbeUTerceUiBrecoiDpleWlyBlraplileilexcepIln  did  perlpberies  of  tbe  lobuI«.  Tbe cenCnl portlooB 
of  Ihe  lobulei  which  In  Uw  (rash  orgui  are  darker  Uun  Uw  pnipher;  are  lifter  In  the  prmerred  speclmea 
tiom  wblch  Ibla  section  ww  cut  becuiae  the  luemoRloUn  baa  be«D  diasalved  out  ot  (lie  red  blood  cells. 

the  centre  of  each  acinus  congested  and  red  while  its  periphery  is  lighter 
in  color.  This  gives  to  the  liver  a  mottled  or  nutmeg  appearance  (mU- 
meff  liver)  (Fig.  353),  The  liver  cells  in  the  centre  of  each  acinus  are 
frequently  colored  by  little  granules  of  red  or  black  pigment,  and  the 


FlO.  3H.-^'RRON]C  CONUBSTTON  OF  THE  LlVEK. 

Bhovlng  a  Blncle  lobule.   The  captllarles  about  tbe  central  vein  are  wldelj  distended  with  bl 
colorized',  ihe  liver  cells  on  Ote  borders  nearest  the  dilated  (Apltlaries  sfaoir  mrloUB  phases  of 
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«ell8  at  the  periphery  become  fatty,  bo  that  the  nutmeg  appearance  ie  still 
more  pronounced.  A  liver  in  this  condition  is  usually  of  medium  size, 
but  may  be  smaller  or  larger  than  normal. 

When  the  congestion  is  long-continued  the  veins  at  the  centre  of  each 
acinus  may  become  permanently  dilated,  and  the  hepatic  cells  in  their 
meshes  become  atrophied  (Fig,  35i),  so  that  the  centre  of  each  acinus 
consists  only  of  dilated  capillaries  or  of  these  and  new  connective  tissue ; 
or  the  dilatation  and  atrophy  of  the  liver  cells  may,  in  circumscribed 
portions  of  the  organ,  involve  the  entire  acinus.  In  long-continued 
congestion  the  liver  is  usually  smaller  than  normal,  and  may  be  slightly 
roughened  or  uneven  on  the  surface ;  but  it  is  sometimes  enlai^ed.  The 
peculiar  nutmeg  appearance  may  be  very  well  marfied,  or  it  may  not  he 
evident^  the  organ  being  of  a  dark-red  color. 


I^SIOirs  OF  THE  HEPATIC  VB8BELB. 

The  Hepatic  Ahteky. 

The  hepatic  artery  is  in  rare  cases  the  seat  of  aneurisms  which  may 
attain  a  large  size.  Such  aneurisms  may  displace  the  liver  tissue,  com- 
press the  bile  ducts  so  as  to  cause  jaundice,  and  may  rupture  into  the 
stomach  or  abdomen. 

Owing  to  ite  abundant  anastomoses,  emboli  of  the  branches  of  the 
hepatic  artery  usually  induce  no  marked  lesions,  but  they  sometimes 
result  in  aueemic  and  hiemorrhagic  infarctiona' 

The  Portal  Vein. 

Thrombosis,  Embolism,  and  Inflammation. — Thrombosis  of  the  branches 
of  the  portal  vein  may  be  produced  by  weakening  of  the  circulation  from 
general  debility — maramnaiw  thrombi ;  by  pressure  on  the  vessel  from 
without,  as  in  cirrhosis,  tumors,  gall  stones,  dilatation  of  the  bile  ducts, 
etc. ;  by  injury ;  by  the  presence  of  foreign  materials  within  the  vessel ; 
and  as  a  result  of  iufiammation  of  its  wail,  or  of  embolus.  The  throm- 
bus may  form  in  the  vessels  in  the  liver  or  be  propagated  into  them  from 
without.  It  may  partially  or  entirely  occlude  them.  The  clot  may  he- 
come  organized  as  a  result  of  endophlebitis,  and  a  permanent  occlusion 
of  the  vessel  ensue.  If  the  clot  be  a  simple,  non-irritating  one,  leading 
to  occlusion,  the  consequences  are  usually  more  marked  in  the  abdomi- 
nal viscera  than  in  the  liver  itself.  The  branches  of  the  faex>atic  artery 
form  sufficient  anastomoses  to  nourish  the  liver  tissue  and  prevent  its 
necrosis,  even  in  complete  occlusion  of  the  portal  vein ;  and  if  occlusion 
occur  slowly  the  organ  may  continue  to  perform  its  functions.  But  this 
obliteraWve  form  of  thrombosis  is  usually  attended  by  ascites,  enlai^- 
ment  of  the  spleen,  dilatation  of  the  abdominal  veins,  and  sometimes  by 
haemorrhage  from  the  stomach  and  intestines. 
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In  auotiier  class  of  cases,  in  addition  to  the  local  and  mechanical 
effects  of  a  thrombus,  the  latter  may  be  infectious,  then  there  are  ne- 
crotic changes  and  suppurative  inflammatioa  in  the  vails  of  the  ves- 
sels or  in  the  liver  tissue  about  them.  The  thrombi  are  apt  to  soften  and 
break  dowu,  and  tlie  fragmeuts  may  be  disseminated  through  the  smaller 
trunks  of  the  portal  vein.  In  this  way,  by  the  distributiou  through  the 
smaller  vessels  of  a  disintegrated  thrombus  from  a  large  trunk,  or  by  the 
introduction  into  the  branches  of  the  portal  vein  of  purulent  or  septic 
material  from  some  of  the  abdominal  viscera  or  from  wounds,  multiple 
foci  of  purulent  inflammation  in  the  x>ortal  vein,  and  multiple  abscesses 
involving  the  liver  tissue,  may  be  produced.  In  many  cases  the  pres- 
ence of  bacteria  may  be  detected  in  the  inflammatory  foci. 

These  soft  thrombi  of  the  portal  vein  and  the  accompanying  pyle- 
phlebitis and  abscess  are  induced  in  a  variety  of  ways.  Ulceration  of 
the  intestines  and  stomach,  abscesses  of  the  spleen,  suppurative  inflam- 
mation of  the  mesentery  and  mesenteric  glands,  iuflammation  and  ulcer- 
ation of  the  bile  ducts  from  gall  stones,  inflammation  of  the  umbilical 
vein  in  infants,  may  all  iuduce  thrombi  in  their  respective  veins,  which 
may  be  propagated  to  the  portal  vein  or  may  give  rise  to  purulent  or 
septic  emboli.  Two  cases  are  recorded  in  which  a  fish  bone  in  the  por* 
tal  vein  induced  suppurative  inflammation  in  that  vessel. 

Infarction  of  the  liver  after  embolism  is  rare  owing  to  the  anastomosis 
between  the  branches  of  the  hepatic  artery  and  the  capillaries  of  the  lob- 
ules. Occasionally  atrophy  of  the  parenchyma  in  circumscribed  areas 
follows  thrombosis  or  embolism  of  branches  of  the  portal  vein. 

In  infants  inflammation  of  the  umbilical  vein  may  not  only  induce 
inflammation  of  the  portal  vein  and  abscesses  in  tlie  liver,  but  multiple 
abscesses  in  various  parts  of  the  body,  and  acute  peritonitis  may  follow. 

Bupture  of  the  Fartal  Vein,  with  fatty  degeneration  of  its  walls,  has 
occurred  in  a  few  instances. 

Chronic  Endophlebitla,  with  atheroma  and  calcification,  may  occur  in 
the  walls  of  the  portal  vein,  giving  rise  to  thrombosis. 

Dilatation  of  the  Portal  Vein,  either  uniform  or  varicose,  may  occur  in 
various  parts  of  the  vessel  or  its  branches.  It  may  be  caused  by  destruc- 
tion of  the  liver  capillaries  in  cirrhosis,  or  by  occlusion  of  the  vein  by 
thrombi,  tumors,  etc. 

The  Hepatic  Veins. 

The  hepatic  veins  present  lesions  similar  to  those  of  the  portal  vein  and 
its  branches,  but  they  are  much  less  frequent.  The  veins  may  be  dilated 
by  obstruction  to  the  passage  of  venous  blood  into  the  heart.  They  may 
be  the  seat  of  acute  and  chronic  inflammation,  and  soft  thrombi  and  sup- 
purative inflammation  may  be  produced  by  abscesses  in  the  liver.  Rarely 
there  is  a  localized  obliterating  phlebitis  iu  the  hepatic  vein  followed  by 
chronic  congestion,  interstitial  inflammation,  and  thrombosis.' 

in  truuks  of  the  hepatic  vein  as  a  cause 

,  1899,  bibllograpliy. 
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ATROFHT. 


Atrophy  of  the  liver  may  affect  the  entire  organ  or  be  confined  to 
Bome  part  of  it.  General  atrophy  may  occur  in  old  age  as  a  senile 
change,  or  may  be  induced  by  Btarvatiou  or  chronic  exhausting  diBeaees. 
The  organ  is  diminished  in  size,  is  usually  firm,  and  the  acini  appear 
smaller  than  usual.  Microscopically  the  change  is  seen  to  be  due  to  a 
diminution  in  size  of  the  liver  cells,  and  haud-in-hand  with  this  there 
occurs  frequently  an  accumulation  of  pigment  granules  within  the  atro- 
phied cells.  The  cells  may  entirely  disappear  over  circumscribed  areas, 
leaving  only  shrivelled  blood-vessels  and  connective  tissue ;  or,  in  some 
cases,  there  may  be  an  increase  of  connective  tissue  in  connection  with 
the  atrophy  of  the  cells.  When  much  pigment  is  formed  in  the  cells  the 
lesion  is  often  called  piffment  atn^hy. 

Essentially  the  same  changes  may  occur  in  circumscribed  portions  of 
the  liver,  as  the  result  of  pressure  from  new  connective  tissue  in  cirrhosis, 
from  tumors,  hydatids,  amyloid  degeneration,  gall  stones,  etc  In  at- 
rophy from  pressure  the  liver  cells  are  apt  to  become  very  much  flat- 
tened and  squeezed  together  as  they  diminish  in  size. 

DEOENBBATION. 

Albnminoui  Degeneration. —  In  the  infectious  diseases  and  in  certain 
cases  of  acute  antemia  and  phosphorus  poisoning — the  liver  is  swollen 
and,  on  section,  of  a  dull  yellowish -gray  color,  looking  as  if  it  had  been 
boiled.  It  contains  less  blood  than  usual,  and  the  ontlines  of  the  lobules 
are  indistinct^  Microscopical  examination  shows  the  lesion  to  consist  of 
a  swelling  of  the  liver  cells  and  an  accumulation  iu  them  of  moderately 
refractile,  finer  and  coarser  albuminous  granules.  These  granules  may 
disappear  and  the  cells  return  to  their  normal  condition,  or  fatty  degen- 
eration may  follow.  Fatty  and  parenchymatous  d^enerations  are  often 
associated. 

Focal  necrosis  of  liver  cells  occurs  in  many  acute  infectious  diseases 
(see  page  201). 

Acnt«  Yellow  Atrophy  (Acute  PBrenobymatoiu  S^neration). — This  rare 
disease  is  characterized  anatomically  by  a  rapid  diminution  in  the  size 
of  the  liver  as  the  result  of  a  granular  and  fatty  degeneration  and  disin- 
tegration of  the  liver  cells.  The  liver,  sometimes  within  a  few  days, 
may  be  reduced  to  one-half  its  normal  size.  On  opening  the  abdominal 
ea\ity  the  organ  may  be  found  lying,  concealed  by  the  diaphragm,  close 
against  tbe  vertebral  column.  The  amount  of  diminution  and  the  gen- 
eral appearance  of  the  affected  organ  depend  to  a  considerable  extent 
upon  its  previous  condition — i.e.,  whether  or  not  it  was  the  seat  of  other 

'  For  a  study  of  necroses  of  the  liver  see  Mallory,  Jour,  of  Med.  Research,  vol.  vi.. 
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leiiions — aa  well  as  upon  the  degree  of  degenerative  cbange.  Id  general, 
if  the  lesion  is  well  marked,  tlie  livei-  is  small,  flabby — sometimes  almost 
fluctuating — and  the  capsule  wrinkled.  On  section  the  cut  surface  may 
show  but  little  trace  of  lobular  structure,  but  presents  an  irregular  iiiot- 
tling  with  gray,  ochre-yellow,  or  red;  sometimes  one,  sometimes  another 
color  preponderating. 

Microscopical  examination  shows  varying  degrees  of  degeneration  and 
destruction  of  the  liver  cells.  Most  evidently  in  those  parts  which  have 
a  grayish  appearance,  the 
outlines  of  the  cells  are 
preserved  and  the  proto- 
plasm is  filled  with  larger 
and  smaller  grauules.  In 
the  yellow  portions  the  out- 
lines of  the  liver  cells  may 
be  preserved,  and  they  may 
contain  varying  quantities 
of  latter  and  smaller  fat 
droplets  and  granules  of 
yellow  pigment.  Or  the 
cells  may  be  necrotic  or 
disintegrated,  and  in  their 
place  are  irregular  collec- 
tions of  fat  droplets,  pig- 
ment granules,  red  and  yel-  r,a.  855.-Acirra  ybllow  airopht  or  the  livm. 

low  Crj'Stals,  and  detritus;  Tbe  llver  reus  1q  the  peripborrotlbe  lobule  are  utile  cbBiMrea: 
only  the    connective  tissue  Uwse  lownrtl  tUe  reotre  are  iKBeH  *i8lroy«l. 

and    blood-vessels    of    the 

original  liver  tissue  remaining  (Fig.  365).  The  red  areas  may  show 
nearly  complete  absence  of  liver  cells  and  cell  detritus,  and  some- 
times irregular  rows  of  cells  which  are  variously  interpreted  as  being 
new-formed  gall  duets  or  proliferated  liver  cells.'  In  these  areas  it  ap- 
peal's to  be,  ia  part  at  least,  the  blood  contained  in  the  vessels  which  im- 
parts the  red  color.  Sometimes  the  interstitial  tissue  is  infiltrated  with 
small  spheroidal  cells  resembling  leucocytes.  Crystals  of  leucin  and  ty- 
rosin  are  sometimes  found  intermingled  with  the  cell  detritus.  In  some 
cases  the  liver  is  not  diminished  in  size. 

These  lesions  of  the  li\er  aie  freijuently  associated  with  eiilargement 
of  the  spleen  and  parenchymatous  degeneration  of  the  kidney  and  of  the 
heart  mu.scle.  Multiple  hemorrhages  may  occur  in  the  gastrointestinal 
canal,  kidneys,  bladder,  and  lungs.  There  is  usually  marked  jaundice. 
This  disease  is  more  common  in  women  than  in  men  and  iu  many  cases 
has  occurred  in  the  puerperal  state.  Various  fonns  of  bacteria  found  in 
the  liver  ai*  of  doubtful  significance.  The  excitant  of  the  disease  is  un- 
known, and  it  is  an  open  question  whether  it  is  a  disease  primarily  of  the 
liver  or  an  acute  infection  or  intoxication  with  marked  local  lesions.     It 
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IS  not  unlikely  that  more  thau  one  form  of  lesion  is  grouped  under  this 

heading 

Patty  Infiltration. — In  the  normal  human  liver  there  is  usually  a  cer- 
tain amonnt  of  fat  in  the  liver  cells,  and 
this  amount  varies  considerably  under 
diflferent  conditions. 

The  gross  appearance  of  pathological 
fatty  livei-s  varies  a  good  deal,  depend- 
ing upon  the  amount  and  distributtou 
S,J  of  fat  and  its  association  with  other 
changes.  If  the  lesion  is  uncomplicated 
and  considerable  the  oi^n  is  increased 
in  size,  the  edges  are  rounded,  the  con- 
sistence is  finn,  the  color  yellowish,  and 
the  cut  surface  greasy.     The  lobules  are 

enlarged  and  their  outlines  usually  indistinct,  and  the  blood  content  is  di- 


Portion  of  Uie  peripliery  ot  s  lobule,  stowing  rnsny  llier  rells  dlnended  with  a  bIdkIo  torge  drop  ol  tU, 
wUle  betwnn  Ittese  are  tlvn-  ce lis  nlUi  small  fat  drapleu  and  olbcra  flattened  by  pressure.  In  tbis  seo- 
tloD.  bardened  by  olcobol.  the  Cot  but  been  dlBsolved.  learlnR  clear  gpaeea. 

minished.  The  liver  is  increased  in  weight.  The  lesion  may  be  uniform 
throughout  the  oi^n  or  it  may  occur  in  patches.  In  the  latter  case  the 
liver  has  a  mottled  appearance,  irregular  yellowish  patches  alternating 
with  the  brownish-red,  unaffected  portions. 

Fatty  infiltration  is  often  associated  with  chronic  congestion  {nutmeg 
liver),  with  cirrhosis  and  amyloid  degeneration ;  the  picture  may  then 
present  considerable  complexity.  Fatty  livers  may  be  stained  brown  or 
greenish  with  bile  pigment. 
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Microscopically  the  liver  cells  are  seeu  to  contain  larger  and  smaller 
droplets  of  fat  (Pig.  310),  and  frequently  lai^  drops  of  fat  occupy  nearly 
the  entire  volume  of  the  cell,  so  that  the  protoplasm  may  be  visible  only 
as  a  narrow,  nucleated  crescent  at  one  side,  or  it  may  disappear  alto- 
gether (Fig.  311). 

Fatty  infiltration  of  the  liver  may  occur  as  a  result  of  excessive  in- 
gestion of  oleaginous  food;  in  chronic  alcohol,  phosphorus,  and  arsenio 
poisoning;  in  certain  exhausting  diseases  accompanied  by  malnutrition, 
as  in  pulmonary  phthisis,  chronic  dysentery,  etc. ;  and  under  a  variety 
of  conditions  which  we  do  not  understand.  It  is  common  in  children 
especially  in  acute  infections  diseases.' 

Fatty  Degeneration. — In  this  condition,  which  In  many  cases  cannot 
be  morphologically  distinguished  from  fatty  infiltration,  the  fat  is  be- 
lieved to  be  formed  by  a  transformation  of  the  protoplasm  of  the  liver 
cells.  The  fat  droplets  are,  for  the  most  part,  very  small  and  abundant, 
though  this  is  not  constant.  Fatty  degeneration  of  the  liver  cells  fre- 
quently follows,  and  is  associated  with,  cloudy  swelling  under  the  vary- 
ing conditions  in  which  this  occurs,  or  It  may  appear  in  profound  aneemia 
and  in  acute  phosphorus  and  arsenic  poisoning. 

Amyloid  Degeneration. — In  the  liver  amyloid  degeneration  may  be 
general  or  local ;  so  extensive  as  to  give  the  organ  very  characteristic 
appearances,  or  so  slight  as  to  be  unrecognizable  without  the  aid  of  the 
microscope.     It  may  be  associated  with  other  lesions.     When  the  change 
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is  extensive  and  genei-al  the  liver  is  enlarged  sometimes  to  more  than 
twice  its  normal  size ;  the  edges  are  thickened  and  rounded ;  the  surface 
is  smooth ;  the  tissue  tough,  firm,  inelastic,  more  or  less  translucent,  and 
of  a  brownish -yellow  color.  The  lobular  structure  may  be  move  or  less 
indistinct,  or  it  may  become  very  evident  by  an  associated  fatty  degen- 
eration of  the  peripheral  or  central  cells  of  the  lobules.  The  translu- 
'  Sec  Freeman,  ArcLivea  of  Pediatrics,  vol.  xvH.,  p.  81,  1900. 
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ceuey  aud  pecnliar  appearance  of  the  tissue  may  be  best  seen  by  slicing 
off  a  thin  section  and  holding  it  up  to  the  light.  When  the  lesion  is  less 
considerable  the  liver  may  be  of  the  osual  size,  and  may  feel  harder  than 
normal,  and  here  and  there  a  trausluceut  mottling  may  be  evident,  or 
the  degeneration  may  be  apparent  only  on  the  addition  of  staining 
agents.  When,  as  is  frequently  the  case,  it  is  associated  with  cirrhosis, 
the  liver  may  be  small  and  nodular,  and  the  appearance  of  the  cut  sur- 
face varies,  dependiug  upon  the  character  of  the  cirrhotic  change  and 
the  presence  or  absence  of  fat. 

This  degeneration  usually  commences  in  the  walls  of  the  intralobular 
blood-vessels,  causing  them  to  become  thickened  and  translucent  (Fig. 
312).  Their  lumen  may  be  nearly  or  entirely  occluded.  The  liver  cells 
may  be  squeezed  by  the  thickening  of  the  vessels  and  may  become  par- 
tially or  completely  atrophied,  or  they  may  be  fatty.  Amyloid  degener- 
ation may  also  involve  the  interlobular  vessels,  and  in  advanced  stages 
lai^r  and  smaller  areas  of  liver  tissue  may  be  almost  completely  con- 
verted into  the  dense,  refractile  substance  in  which  here  and  there  flat- 
tened liver  cells  may  be  seen. 

Amyloid  degeneration  of  the  liver  is  nsnally  associated  with  a  simi- 
lar lesion  of  other  oi^ns. 

Glyot^n  Degeneration.— This  may  occur  in  the  liver  cells  in  diabetes. 

PIOHENTATIOH  OF  THE  LIVEB. 

As  a  result  of  severe  malarial  poisoning  a  variable  amount  of  brown, 
black,  or  reddish  pigment  is  often  fonnd  in  the  blood.  This  is  nsnally 
mostly  taken  up  by  the  leucocytes  and  deposited  in  various  parts  of  the 


Fig,  366.— IfAL*It[«L  PiaUENTATlOU  or  THE  LTVER. 
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body,  chiefly  iu  the  liver,  spleen,  and  marrow  of  the  boiie-s.  lu  the  liver 
it  is  usually  fouud  eiicloseil  iu  the  endothelial  cells '  f  I'ec  or  in  place  in  the 
blood-vessels  (see  Fig.  359),  but  sometimes  in  the  tissue  between  them. 
The  liver  cells  frequently  coutaiu  bile  pigment,  but  usually  are  free  from 
the  melanotic  pigment  4!haracteristic  of  this  malarial  condition.  As  the 
result  of  this  accumulation  of  pigment  the  liver  may  have  a  dark  reddish- 
browu,  au  olive-browu,  or  black  color  (sometimes  called  brmize  liver). 
Pigmeutation  of  the  liver  may  be  marked  in  heemochromatosis  (see 
p.  88). 

Pigment  similar  in  character  to  that  which  occurs  in  the  lungs  from 
the  inhalation  of  coal  dust  may  be  found  in  the  connective  tissue  along 
the  portal  vessels.  Inhaled  pigment  particles  may  pass  the  lungs  and 
bronchial  lymph-nodes,  and  be  deposited  in  the  liver  as  it  is  in  the  spleen 
and  hepatic  lymph-nodes. 

Pigmentation  of  the  liver  cells,  which  is  to  a  certain  extent  normal, 
may  be  greatly  increased  as  a  result  of  atrophy,  of  localized  bietnorrhage, 
and  of  obstructive  jaundice. 


OALCOIOATION. 

This  lesion  of  the  liver  is  rare.     The  deposit  of  lime  may  be  i 
vicinity  of  the  arteries  or  the  veins.' 


INFLAMMATION.    (Hepatitia.) 

Aonte  Exudative  Hepatitis  (Porulent  Hepatitis).— Purulent  or  suppura- 
tive inflammation  of  the  liver  may  be  the  result  of  injury ;  it  may  be 
secondary  to  inflammation  of  the  gall  duets  or  the  branches  of  the  portal 
vein.  It  may  occur  as  thereault  of  the  presence  of  tumors  and  parasites, 
or  from  prop^ation  of  an  inflammatory  process  from  without,  as  in  ulcer 
of  the  stomach  with  adhesions  to  the  liver  and  secoudaiy  invol\'ement  of 
the  latter.  It  is  often  directly  due  to  the  introduction  of  bacteria  into 
the  organ,  through  the  blood-vessels  or  gall  ducts  or  otherwise.  Puru- 
lent inflammation  in  the  liver  almost  always  results  in  abscess. 

Large  abscesnes  of  the  liver  may  be  traumatic,  but  are  often  due  to 
unknown  causes.  They  are  not  infrequently  associated  with  dysentery, 
and  may  then  be  due  to  the  conveyance  of  micro-oi^anisins  through  the 
veins,  or  lymph  channels,  or  peritoneum,  or  gall  duets  from  the  intestinal 
ulcers.  8uch  abscesses  may  be  due  to  the  presence  of  the  ajuoeba  coli. 
They  occur  moat  frequently  in  tropical  climates — hence  the  name  tropical 
abscess — but  are  not  veiy  uncommon  iu  the  temperate  zone.  They  are 
usually  single,  but  there  may  be  several  of  them.  They  are  sometimes 
so  large  as  to  occupy  a  lai^  part  of  the  lot>e.  They  are  most  frequent 
iu  the  right  lobe,  but  may  occur  iu  any  part  of  the  organ.     They  tend  to 


'  See  Brill  and  L&naait,  Jour.  Ex|j.  Med.,  vol,  i 
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enlarge,  aud  as  tliey  do  so  they  approach  the  surface  of  tUe  liver.  Here 
the  contents  of  the  absceiw  may  t>e  discharged  into  the  peritoneal  cavity. 
More  frequently,  however,  as  they  approach  the  surface,  a  localized 
adhesive  peritonitis  eusues,  so  that  the  liver  becomes  bound  to  adjacent 
parts,  and  thus  the  abscess  may  open  into  the  pleural  cavity,  or,  owing 
to  a  secondary  pleurisy  with  adhesions,  into  the  lung  tissue.  They  may 
open  into  the  pericardium.  They  may  open  externally  through  the  ab- 
dominal wall ;  into  the  stomach,  duodenum,  colon,  or  pehis  of  the  right 
kidney ;  into  the  hepatic  veins,  portal  vein,  vena  cava,  or  gall  bladder 
or  gall  ducts. 

The  early  stages  in  the  formation  of  large  abscesses  of  the  liver  are 
but  little  known.  It  is  probable,  however,  that  in  many  cases  they  are 
the  result  of  the  confluence  of  smaller  abscesses  (Fig.  373).  Their  con- 
tents, usually  bad-smelling,  may  be  thick  and  yellow  like  ordinary  pus, 
but  more  commonly  they  are  thin,  reddish-brown,  or  greenish  in  color 
from  admixture  with  the  pus  of  blood,  gall  pigment,  and  broken-down 
liver  tissue.  Microscopical  examination  shows  the  contents  to  consist  of 
fluid  with  pus  cells,  more  or  less  degenerated  blood,  degenerated  liver 
cells,  fragments  of  blood-vessels,  and  pigment  granules  aud  crystals. 
The  walls  of  the  abscess  are  usually  ragged,  shreds  of  necrotic  liver  tissue 
hanging  from  the  sides.  Microscopical  examination  of  the  liver  tissue 
near  the  abscess  shows  infiltration  with  pus,  flattening  of  the  liver  cells 
from  pressure,  cloudy  swelling,  and  necrosis  of  those  lying  along  the 
cavity.' 

The  amoebic  abscesses  are  usually  free  from  bacteria.  Other  ab- 
scesses may  contain  the  Bacillus  coli  communis,  or  the  Streptococcus 
pyogenes  or  Staphylococcus  pyogenea 

Kot  infrequently,  however,  especially  in  old  abscesses,  examinatloo 
both  morphological  and  cultural  falls  to  reveal  the  presence  of  micro- 
organisms. 

After  the  discharge  of  the  contents  of  the  abscess  or  without  this,  if 
it  be  not  very  large,  granulation  tissue  may  form  in  the  wall  of  the  cav- 
ity and  a  fibrous  capsule  be  produced,  enclosing  the  contents,  which  be- 
come thickened  and  often  calcareous,  and  in  this  condition  may  remain 
for  a  long  time.  Or  the  connective -tissue  walls  may  approach  one  an- 
other and  join,  forming  a  fibrous  cicatrix  at  the  seat  of  the  abscess. 

SimiU  multiple  metastatic  abscesses  are  not  infrequent  in  pyjemia.  In 
these  abscesses  we  can  readily  study  the  various  stages  of  formation. 
Suppurative  processes  in  any  part  of  the  body— in  the  head,  upper  and 
lower  extremities,  etc. — may  act  as  distributing  centres  for  micro-organ- 
isms.' These,  entering  the  circulation,  may  pass  the  heart  and  pulmo- 
nary capillaries,  with  or  without  inducing  lesions  in  the  lungs,  and,  lodg- 
ing in  the  vessels  of  the  liver,  induce  circumscribed  necrosis  of  the  liver 
tissue  (see  Fig,  41,  page  113)  and  suppurative  inflammation.     Under 

'  Bee  for  a  study  of  tropical  al)scc3s  of  the  liver  Hoaiird  and  Iloorcr,  Am.  Jour, 
Med.  Sciences,  vol.  cxiv.,  pp.  150.  283,  18B7,  bibliography. 

'  AVuM  and  PaaquaU,  ZcitscUr.  f.  (lygiciic  ii.  Iiiflir.,  Bd.  svi.,  p.  1,  1894. 


Digitized  byGoOgIC 


THE    LIVER.  595 

these  conditions  we  may  find  on  a  section  of  the  liver  larf^er  and  smaller 
yellowiyh  or  grayisli  spots,  the  lai^r  of  which  may  be  soft  and  preiiient 
the  usual  ehai-actci's  of  abscvsseH.  The  smaller,  which  may  not  be  larger 
than  a  pin's  head,  may  present  the  usual  consistence  of  liver  tissue  with 
the  lobular  structure  still  evident ;  others  may  be  softer,  more  yellow, 
and  surrounded  by  a  zone  of  hyperiemie  liver  tissue.  Microscopical  ex- 
amination of  the  earlier  stages  often  shows  the  blood-vessels  filled  with 
bacteria,  scattered  and  in  masses.  Around  these  the  liver  cells  are  found 
iu  various  stages  of  necrosis;  iu  many  the  nuclei  do  not  stain  and  the 
bodies  are  very  granular,  or  the  entire  cell  is  broken  down  into  a  mass 
of  detritus.  About  these  uecrotic  islets  of  liver  cells  pus  cells  collect 
and  often  form  a  zone  of  dense  infiltration  (Fig.  42,  x>age  114).  Thus, 
by  tlie  increase  of  pus  cells  and  the  neci-osis  of  liver  tissue,  small  ab- 
sccs-ses  are  formed  whose  contents  are  intermingled  with  greater  or  less 
numbers  of  bacteria  (Fig,  360),  which  seem  to  increase  in  number  as  the 
process  goes  on.     By  the  confluence  of  small  abscesses  larger  ones  may 


Fio.  3S0.— Shall  Abscesses  in  the  L 

be  formed.     I>enlli  usually  ensues,  however,  before  the  abscesses  attain 
a  very  large  size. 

Chronic  Interstitial  Hepatitis  (CirrboBia). — The  most  marked  result  of 
clironic  interstitial  hepatitis  is  the  formation  of  new  connective  tissue  in 
the  liver.  The  eharucter,  amount,  and  distribution  of  the  new  tis.sue 
viiry  greatly  in  different  cases.  Secondarily  there  are  usually  marked 
changes  in  the  liver  cells  and  in  the  blood-vessels  and  gall  ducts.     The 
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uew  tissue  is  most  ronimoiily  fonned  aiid  most  abundant  in  the  iieripli- 
ery  of  the  lobules  along  the  so-called  capsule  of  Glisson,  but  it  may  ex- 
tend into  the  lobules  l)etwe«n  the  liver  cells.  It  may  surround  single 
lobules,  or  more  freqnently  larger  and  smaller  groups  of  lobules  (Fig. 


FIO.  361— CHBONIC  iNTrRSTITC 
a,  New-formed  coDQerUve  Uaaue;  b.  dllsled  blood-veiiBCls  of  (be  new  tisue :  r.  mil  dixi. 

361).  It  may  occnr  in  broad  or  narrow,  irregular  streaks  or  bands. 
It  is  frequently  more  abundant  in  one  {tart  of  the  livor  than  in  another. 
The  new-formed  tissue-tends  to  contract,  and  thus  compromise  by  press- 
ure the  enclosed  islets  of  liver  tissue,  causing  them  to  project,  in  larger 
and  smaller  nodules,  from  the  surface  of  the  oi^an.  The  Yiycr  cells  may 
be  flattened  or  atrophied  from  pressure ;  or,  f i-om  interference  with  the 
X>ortal  circulation,  they  may  atrophy  or  become  fatty;  or  they  may  be- 
come colored  with  bile  pigment.  This  form  of  lesion  is  called  atrophic 
cirrhosis. 

The  varied  appearances  which  cirrhotic  livers  present  to  the  naked 
eye  depend  largely  upion  the  amount  and  distribution  of  the  new  con- 
nective tissue  and  upon  the  secondary  changes  in  the  liver  cells.  The 
surface  may  be  very  rough  and  uneven  from  the  projection  of  larger 
and  smaller  irregular-shaped  nodules  of  liver  tissue  (Fig.  362)  lie- 
tween  which  are  the  depressed  couti-acted  bands  of  new-formetl  con- 
nective tissue.  On  the  other  hand,  the  surface  of  the  liver  may 
be  smooth,  when  tlie  new  counective-tissne  bands  ai-e  small,  evenly 
distributed  or  little  contracted.  Again  the  liver  may  be  gi-eatly 
distorted  and  misshapen  by  the  atrophy  of  the  parenchyma  and  the 
contraction  "  of  large  and  irregular  bands  or  ma-sses  of  new  con- 
nective tissue,     lu  section  through  cirrhotic  livere  the  new  tissue  may 
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not  be  visible  to  the  naked  eye.  or  it  may  appear  as  grayisb,  irregu- 
lar atreaks,  or  bands,  or  patches,  often  shar{>ly  outlined  against  the 
dark-red,  or  bi-own,  or  yellow,  or  greenish-yellow  parenchyma.  When, 
as  is  often  the  case,  fatty  infiltration  is  associated  with  atrophic  cirrhosis, 
the  liver  may  not  only  not  be  diminished  in  size  but  may  be  larger  than 
normal. 

On  microscopical  examination  the  new  connective  tissue  is  found  in 
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some  cases  loose  in  texture  and  containing  many  variously  shaped  cells; 
or  it  may  be  dense  and  contain  comparatively  few  cells ;  it  is  usually 
quite  vascular. 

The  new  connective  tissue'  is  most  abundant  between  the  liver  lobules 
but  it  may  cncroikch  more  or  less  ujMtn  their  peripheries.  Small  gall 
ducts,  some  of  them  at  leiwt  apparently  new  formed,  are  usually  present 
in  the  connective  tis.sue  around  the  islet.i  of  parcnchjnna  (Fig.  363). 
Some  of  these  may  usually  be  found  contiunous  with  the  old  ducts  or 
gall  capillaries.     Sometimes  rows  of  more  or  less  cuboidal  cells  in  the 

'  For  ti  stinly  of  the  character  of  the  new  connective  tissue  in  cirrhosis  see  Ftexii^r, 
University  Medical  Magaziue.  vol.  xiii.,  p.  613,  liiUO. 
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couuective  tissue  appear  to  be  liver  cells  which  have  reverted  to  a  sim- 
pler type  (Fig.  364).' 

The  branches  of  the  hepatic  and  portal  veius,  particularly  the  latter, 
ofteu  become  obliterated  by  pressure  from  the  new  couuective  tissue  or 
from  chi-ouic  thickeuiug  of  their  walls,  so  as  seriously  to  interfere  with 
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SbawlOK  X  portion  ot  tbo  BecliOD  sbown  In  Fife.  3H1,  but  more  taltbiy  Tn*ffiilfl«l. 
lobulM ;  h,  new-(onned  connective  tiMue :  c,  uall  ducU.  apparenll)'  ni 

the  functioDS  and  nutrition  of  the  liver  cells.  The  bile  ducts  also  may 
become  obliterated,  or  there  maybe  catarrhal  inflammation,  especially 
of  the  larger  tniaks.  The  branches  of  the  hepatic  arterj'  ai-e  much  less 
liable  to  alterations  than  the  other  vessels.  The  capsule  of  the  liver 
is  usually  thickened,  either  uniformly  or  in  irregular  patches;  or  its  sur- 
face may  be  roughened  by  larger  and  smaller  papillary  projections. 
The  liver  is  frequently  bound  to  the  diaphragm  or  other  adjacent  or- 
gans by  connective -tissue  adhesions.  Amyloid  and  fatty  degeneration 
may  be  associated  with  cinhosis.  Cirrhotic  li\'ers  frequently  show  an 
uuu.'iual  numt>er  of  leucocytes  in  the  blood-vessels. 

The  obstruction  to  the  portal  circulation  induoed  by  cirrhosis  usu- 
ally gives  rise  to  a  nnniber  of  secondary  lesions,  since  collateral  circu- 
lation is  rarely  established  in  sufficient  degree  to  affoi-d  much  relief. 
The  hemorrhoidal  and  vesical  veins  may  be  greatly  enlarged,  and  also 
veins  of  communicatiou  betwecu  Glisson's  capsule  and  the  diaphrag- 
matic veins. 

I,  etc.,  see  Adami,  A.  Jacobi's  Festschrift, 
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Id  rare  eases  a  very  peculiar  dilatation  of  the  cutaneous  veins  about 
the  umbilicus  is  observed.  The  eidarged  vein.s  form  a  circular  network 
around  the  umbilicus,  or  a  pyramidal 
tumor  l>eside  it,  or  all  the  veins  of  the 
at>dominal  wall,  from  the  epigastrium 
to  the  inguinal  region,  are  dilated. 
This  condition  is  said  to  be  depend- 
ent upon  the  congenital  non-closure 
and  subsequent  dilatation  of  the  um- 
bilical vein  and  its  anastomoses  with 
the  internal  mammary,  epigastric,  and 
cutaneous  veins.  According  to  Sap- 
pey,  it  is  not  the  umbilical  veiu  which 
is  dilated,  but  a  veiu  which  accom- 
panies the  ligamentum  teres. 

There  is  very  frequently  also  a 
dilatation  of  the  veins  of  the  abdomi- 
nal wall,  which  has  a  different  origin. 
It  is  produced  by  the  pressure  of  the 
fluid  of  ascites  on  the  vena  cava,  and    "«•  ■"■^'*'"''^'"^^„" 'j'"-''  '"'™  '"  ""^ 

is  found  with  ascites  from  any  cause 

,      .  ,      ,   ,        ...  Ttie  seelkin  shows  ibe  ppojei-llon  luUi  llie  new 

and  with  atwomlual  tumors.  connective  tlEeuetromtbcmWBot  old  llvH-rells. 

Ascites  is  the  most   common    sec-     °!  "-"  """^  rambling  (mlWuct  epllbellum. 
.  i_  ■         ■     i_      ■         "''"  ""^  **  lnlerpr«4Nl  ■»  an  eiamplB  oi  rever- 

ondary    lesion   of    atrophic    cirrhosis.      aoDotlheillirerenUMedllvercellstoaBlmpler 
It  usually  begins  at  an  early  stage  of    '^'^^ 
the   disease,   and   is   apt  to  increase 

constantly.  It  generally  precedes  oedema  of  the  feet,  but  both  may  ap- 
pear at  the  same  time.  This  fluid  is  of  a  clear  yellow  or  brown,  green 
or  red;  it  is  sometimes  mixed  with  shreds  of  fibrin,  and  more  rarely 
with  blood.  The  peritoneum  remains  normal,  or  becomes  opaque  and 
thick,  or  there  may  be  adhesions  between  the  viscera. 

The  spleen  is  very  frequently  enlarged,  and  the  enlai^ement  may  be 
considerable.  When  it  is  not  increased  in  size  this  seems  usually  due 
to  previous  atrophy  of  the  organ,  or  to  fibrous  thickening  of  its  capsule, 
or  to  hiemorrhages  from  the  stomach  and  bowels  occurring  jnst  before 
death. 

The  stomach  and  intestines  are  ofteu  secondarily  affected  by  the  ob- 
struction to  the  poi'tal  circulation.  Profuse  haemorrhage  from  the  stom- 
ach and  intestines  may  occur  and  sometimes  cause  sudden  death.  The 
mucous  membrane  is  then  found  pale,  or  congested,  or  with  hcemor- 
rhiigic  erosions.  The  haemorrhage  not  infrequently  results  from  rupture 
of  oesophageal  varices  which  are  present,  especially  in  the  lower  portion, 
in  a  noteworthy  proportion  of  cases  of  atrophic  cirrhosis,'  Sometimes 
the  blood  is  infllti-ated  in  the  coats  of  the  stomach  and  intestines. 

The  mucous  membrane  of  the  stomach,  and  of  the  entire  length  of  the 
intestines,  is  frequently  the  seat  of  chronic  catarrhal  inflammation,  and 

'  For  a  critical  summary  of  gastro-intestinal  htemorrhage  )ti  cirrhosis  with  bibliog- 
taphy  see  Prel/lf.  Am.  Jour,  )Ied.  Sciences,  vol.  cjtix.,  p.  2Ba.  1900. 
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is  soiiietiinen  uiiiforiiily  ami  intensely  coiigosted  anil  c«!»teil  with  niuciis. 
Id  other  cases  both  l^e  mncons  aod  muscular  coats  are  pale,  but  verj 
markedly  thickened. 

Cirrhosis  of  the  liver  is  not  infrequently  accompanied  by  chronic  dif- 
fuse nephritis. 

Hypertrophic  CirrhMls. — There  is  a  form  of  iuterstitial  hepatitis  in 
which  the  growth  of  new  tissue  occurs  not  ouly  between  the  lobules  but 
estendft  into  the  lobule  between  the  liver  cells  (Fig,  365).  Under  these 
conditions  even  in  advanced  forms  of  the  lesion  the  liver  may  be  en- 
larged, the  surface  may  be  smooth  or  slightly  roughened,  the  parenchyma 
is  often  bile-stained.  This  form  of  interstitial  hepatitis  is  called  hyper- 
trophic cirrhosis.  There  is  a  form  of  interstitial  hepatitis,  usually  of  the 
hypertrophic  type,  in  which  the  growth  of  connective  tissue  is  most 
marked  in  the  vicinity  of  the  smaller  bile  ducts.  This  often  occurs  in 
connection  with  obstruction  of  the  bile  ducts  and  the  lesion  is  called  bili- 
ary cirrhosis.  In  "biliary  cirrhosis  "  marked  jaundice  is  said  to  be  com- 
mon while  ascites  is  moderate  or  absent.  In  certain  cases  there  is  a 
marked  diffei'ene«  in  the  gross  and  microscopic  appearance  in  atrophic 
and  hypertrophic  cirrhosis,  but  intermediate  forms  occur.  The  difference 
in  the  conditions  which  le  id  to  the-ic  two  forms  of  cirrhosis  of  the  liver, 
the  atrophic  ind  the  h\pertrophic  is  not  >et  clear  and  the  distinctions 
which  have  been  made  Ixtween  them  in  part  clinical  in  part  morpho- 
logical, are  often  unsatisfictory 

^     -f  •} 
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Sbciwlnir  rnrmtUon  of  roDnpcUvK  tissue  betireea  tbe  llvpr  erUx. 

The  ciuusi-s  111'  cirrnosis  aiv  impeifectly  understood.     It  is  a  disease 
of  adult  life,  but  cxcciitioimlly  occui-s  in  children.'     Congenital  cirrhosis 

rliiiaii'ioii  si'O  .Vwrw,  Riwtoii  Mrd.  ami  Surg.  Jour. 
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with  obliteration  of  tbe  bile  duct  is  of  occasional  occurrence.'  In 
adults  it  seems  iu  many  cases  to  be  directly  dependent  upon  the  contin- 
ued ingestion  of  large  quantities  of  strong  alcoholic  liquors.  It  very 
rarely  occurs  as  a  result  of  beer  drinkiug.  There  are  many  cases  of  cir- 
rhosis for  vhich  no  cause  can  be  discovered.*  It  is  probable  that  in  cer- 
tain cases  at  least  a  degeneration  of  circumscribed  areas  of  liver  paren- 
chyma precedes  and  probably  determiues  the  new  formation  of  conuective 
tissue;  the  lesion  would  then  be  more  properly  considered  a  replace- 
ment hyperplasia  than  as  strictly  inflammatory.* 

Welch '  has  described  the  occurrence  of  small  circumscribed  areas  of 


Fia.  3W.— GCHUA  or 
b,  Bbroin  periphery ;  i 


fibrous  tissue  in  the  liver,  replacing  liver  cells  and  containing  coal  pig- 
meut.     This  I'are  lesion  he  has  called  cirrhosis  hepatis  anthracotica. 

Syphilitic  Hepatitis. — Chronic  interstitial  infianunatiou  of  tbe  liver 
very  frequently  results  fi-om  syphilitic  infection,  either  cougeuitally  or 
in  the  later  stages  of  the  acquired  form.  It  may  occur  in  a  diffuse  man- 
ner, new  connecti\e  tissue  being  formed  either  between  the  lobules,  or 
within  them  between  the  rows  of  liver  cells.  The  new  tissue  may  be 
rich  in  cells,  or  dense  and  finu.  This  form  is  frequently  seen  in  chil- 
dren, and  cannot  be  distinguishefl,  either  macroscopically  or  micro- 
scopically, from  similar  fonns  of  interstitial  hepatitis  from  other  causes. 

'  Sve  JiolUtlan  and  Ufii/ne.  Ilritish  Mcr],  Jour.,  1901,  to],  i..  p.  758,  bibliography, 

'Fi>rii  sliiiij-  of  I'Xiii'iiiiicniHl  cirrliosis  of  the  liver  we  i.  Ileuktlom,  Zieglcr'B  Bcitr., 
Bd.  x.t.,  p.  321,  1S1)6,  bil.lio'jrai.liv.  Also  Wdh,  Tr.  Chicago  I'Mtli.  Soc.  Miireli  »lh. 
1903, 

'Porasliidyof  t lie  genu idilul  iu|mdtii's  of  tli 
lat«Dt  or  HubJD  Will  III  h>  eln-lii>Kis  see  Ariumi,  -II 
aud  93(1,  1898.  bibliognipliy. 

'Welcli.  "CiiThosla  Lepatia  authmcotica,"  .lohus  Ilopkina  Hospital  Bulletm,  " 
ii.,  p.  «2,  1891. 


Digitized  byGoOgIC 


602  THE  LIVEB. 

In  oth<;r  cases,  particularly  iu  children,  there  may  be  nnmeirOTis 
Bmall  gummata  (so-called  miliary  gummata)  (Fig.  130,  page  258)  scat- 
tered thi'ough  the  liver,  together  with  more  or  leas  new  connective  tis- 
sue. In  adults  gummata  are  usually  larger,  varying  in  size  from  that  of 
a  pea  to  a  ben's  egg,  and  may  be  surrounded  by  larger  and  smaller  irreg- 
ular zones  of  ordinary  connective  tissue  (Fig.  366).  In  still  other  cases 
iu  adults  there  are  larger  and  smaller  dense,  irregular  bands  or  masses 
of  conuective  tissue  running  through  the  liver,  drawing  iu  the  capsule 


Tlie  Itvrr  ISRreally  defoniiKd  by  the  cxjdUbvIIuii  uF  Dew-foniinl  cunnei'ilve  llKtuv.    Th«  raKged  surfim  ik 
due  lo  tbe  learinit  awny  ot  adlieslona  lo  sumjundlnK  pana. 

and  often  causing  great  deformity  of  the  organ  (Fig.  367),  These  bands 
and  masRes  of  new  tissue  may  or  may  not  enclose  gummata,  either  large 
or  small.  These  deforming  cicatrices,  either  with  or  without  gummata, 
are  very  characteristic  of  syphilitic  inflammation  of  the  liver. 

This,  like  the  simple  interstitial  inflammation  of  the  liver,  may  be 
associated  with  fatty  and  waxy  degeneration,  and  with  atrophy  of  the 
parenchyma  from  pressure. 

TnbercalonB  HepatttiB. — This  lesion,   which  is   usually  secondary  to 
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tuberculous  inflamniation  in  some  other  part  of  the  body,  or  a  i>art  of 
acute  general  miliary  tuberculosis,  is  most  frequently  characterized  by 
the  formation  of  lai^er  and  smaller  miliary  tubercles,  which  may  be 
either  within  or  between  the  liver  lobnles  or  in  the  walls  of  the  bile 
dncts.  Many  of  the  tubercles  are  too  small  to  be  seen  with  the  naked 
eye;  others  may  be  just  visible  as  grayish  points;  still  others  may 
be  from  1  to  3  mm.  iu  diameter,  with  distinct  yellowish-white  cen- 
tres. Microscopical  examination  shows  considerable  variation  in  the 
structure  of  the  tubercles  in  different  cases,  as  well  as  iu  the  same  liver. 
-Some  of  them,  usually  tlie  smaller  ones,  consist  simply  of  more  or  less 


circumscribed  collections  of  small  spheroidal  cells,  which  are  not  mor- 
phologically distinguishable,  so  far  sis  the  form  and  arrangement  of  the 
cells  arc  concerned,  from  simple  inflammatory  foci,  or  from  the  diffuse 
masses  of  lymphatic  tissue  which  occnr  normally  iu  the  liver. 

In  other  forms  we  find  a  well-marked  reticulum  with  larger  and 
smaller  spheroidal  and  polyhedral  cells,  with  or  without  giant  cells.  In 
still  other  forms  there  is  more  or  less  extensive  cheesy  degeneration  (Fig. 
368).  The  larger  forms  arc  conglomerate,  being  composed  of  several  tu- 
bercle grauul  a  joined  tofjether  to  form  a  single  uodular  mass.  The  liver 
cells  at  the  seat  of  the  tulieifle  are  destroyed,  and  the  interstitial  tissue 
and  blood -v&ssels  are  either  destn>yed  or  merged  into  the  tubercle  tissue. 
In  the  jwripheiy  of  the  tulx-icles  the  liver  cells  may  be  in  a  condition 
of  coagulation  necrosis,  and  the  tissue  roimd  about  may  be  infiltrated  with 
small  spheroidal  cells.  There  is  in  some  cases  a  new  formation  of  gall 
ducts  or  of  structures  which  resemble  these,  and  which  iu  transverse  sec- 
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tions  resemble  giaut  cells.  Tubercle  bacilli,  frequently  in  small  numbei-s, 
but  often  in  gi-eat  abundance,  may  be  found  witbin  the  tubercles. 

Tuberenlosis  of  the  liver  may  be  associated  with  cirrhosis,  or  waxy 
and  fatty  degeneration. 

Much  more  rarely  than  the  above  form  there  are  found  in  the  liver 
more  or  less  numerous  scattered  tuberculous  masses  from  the  size  of  a  pea 
to  that  of  a  walnut  or  larger,  with  cheesy  centres  and  usually  a  new 
growth  of  conneoti\e  tissue  in  the  peiiphery.  These  so-called  solitary 
tubercles  of  the  Viver  maybe  softened  at  the  centres.  Tuberculous  inflam- 
mation of  the  gall  ducts  may  give  rise  to  numerous  seattei-ed,  cheesy- 
nodules,  as  large  as  a  pea  or  larger,  which  may  be  softened  at  the  centre 
and  stained  yellow  with  bile.  Small  cavities  may  thus  be  formed.' 
This  lesion  is  rare  and  seems  to  be  more  frequent  iu  children  than  in 
adults. 

Perihepatitii. — Acute  exudative  i7ifiamniatiim  of  the  serous  covering  of 
the  liver,  with  the  formation  of  fibrin,  may  occur  as  a  part  of  acute  gen- 
eral or  localized  peritonitis,  or  over  the  surface  of  abscesses,  tumoi^ 
hydatids,  etc. ,  of  the  oi^an,  when  these  lie  near  or  approach  the  surface ; 
or  it  may  be  secondary  to  acute  pleurisy. 

Chnmie perihepatitis,  resulting  in  the  thickening  of  and  formation  of 
new  connective  tissue  in  and  beneath  the  capsule  of  the  liver,  may  be 
secondary  to  an  acute  inflammation  of  the  capsule,  or  it  may  be  chronic 
from  the  beginning  and  associated  with  chronic  pleurisy,  chronic  peri- 
tonitis, and  cirrhosis.  In  this  way  more  or  less  extensive  adhesions. of 
the  liver  to  adjacent  structures  may  be  formed ;  or,  by  contraction  of  the 
new-formed  connective  tissue,  considerable  defoi-mity  of  the  liver  may 
be  produced.  The  capsule  is  sometimes  uniformly  thickened,  sometimes 
the  new  tissue  occurs  iu  more  or  less  sharply  cireumscribed  patches.  The 
surface  is  sometimes  roughened  from  little,  irregular  projecting  masses 
of  connective  tissne.  Mici'oscopieally  the  new-formed  tissue  is  usually 
dense  and  firm,  but  it  may  be  loose  in  texture  and  contain  many  cells. 
2^ot  infrequently  bands  or  masses  of  connective  tissne  run  inward  from 
the  thickened  capsule  between  the  superficial  lobules,  causing  localized 
atrophy  of  the  parenchyma. 

HTFEBPLABIA  OF  LTKPHATIO  TISSUE  XH  THE  LITEB. 

In  some  forms  of  leukiemia  and  pseudo-leiiksemia  the  liver  is  not  in- 
frequently enlarged  and  soft  and  besprinkled  with  small  white  spots,  or 
streaked  with  narrow  whitish,  irregular  bands,  or  it  may  t>e  of  a  diffuse 
grayish  color.  Mici'oscopical  exaiuinatiou  shows  this  change  to  be  due 
to  an  accumulation  of  cells  resembliug  leucocytes,  either  along  the  portal 
vein,  or  diffusely  through  the  liver  tissue,  or  in  small  circumscribed 
mas,ses.  The  amount  of  accumulation  of  these  small  cells  varies  much, 
but  is  sometimes  so  gi-eat  as  seriously  to  compromise  the  liver  cells.  The 
origin  of  these  new  cells  is  not  yet  definitely  known.     They  may  be,  and 

'  See  for  a  study  of  tuberculous  cavities  in  tlie  liver,  FUUher,  Journal  of  Pathology 
and  Bacteriology,  vol.  vi,,  p.  147.  1900.  bibl. 
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doubtless  in  part  are,  brought  to  the  oi^ii  through  the  i>ortal  vein ;  but 
tlicy  uiay,  in  part  at  lesist,  be  formed  in  the  liver  itself,  possibly  from 
the  capillary  endothelium. 

In  typhoid  fever,  smallpox,  scarlatina,  diphtheria,  aud  measles  small 
circumscribed  masses  of  spheroidal  cells  are  sometimes  found  in  the 
liver.  These  nodules  differ  in  character,  some  are  due  to  focal  neei-oses, 
such  as  ocenr  in  various  toxfomiiis  with  a  later  multiplication  of  cells  or 
invasion  of  leucocytes.  In  some,  as  in  typhoid  fever,  there  is  necrosis 
with  proliferation  of  endothelium  (see  page  232).  Finally  some  of  the 
small  niiusses  of  spheroidal  cells  encountered  in  the  liver  iu  Infectious 
diseases  are  doubtless  hy|)ei']>lastic  lymph-nodules.' 

TUKOBS  OF  THE  LIVEB. 
Tumors  of  the  liver  may  be  primary  or  secondary ;  the  latter  arc  most 


Cavemom  Aofrioniata. — These  tumors,  usually  small,  are  most  common 
iu  elderly  persons  and  are  of  no  pnictical  significiince.     They  may  be 


FiO.  3H9.— Cavkrnoi'S  Anoioma  ()>'  the  Liver. 

situated  at  the  surface  (Fig.  36!*)  or  eml)edded  in  the  organ,  and  are  of 
a  dark-red  color;  sometimes  sharply  circumscribed  by  a  connective- 
tissue  capsule,  sometimes  merging  im(>erceptibly  into  the  adjacent  liver 
tissue.  Microscopically  they  consist  of  a  congeries  of  irr^ular  cavities 
(Fig.  180,  page  333)  filled  with  blood  and  frequently  commanicating 
fi'cely  with  one  another.  The  walls  of  the  cavities  consist  of  connective 
tissue,  often  coutaining  small  blood-vessels,  and  are  sometimes  thick, 
a  discaaca  of  tbc  liver  consult  Ewing'i  "Clinical  Patli- 
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sometimes  thin.  They  are  believed  to  be  formed  by  dilatation  of  the 
liver  Ciipillaries,  with  subsequent  thiekening  of  their  walls  and  atrophy 
of  the  adjacent  liver  cells.  By  the  organization  of  clots  within  the  blood 
cavities  these  tiimoi-s  may  be  jjiirtially  or  entirely  converted  into  masses 
of  dense  fibrous  tissue. 

Small  fibromata  and  liponuta  have  been  described,  also  fibronenromata 
of  the  sympathetic. 

Adenomata  of  the  liver  are  of  not  infrequent  occurrence.  They  are 
sometimes  small  and  circumscribed,  sometimes  very  lai^  and  multiple. 
They  present  two  tolerably  distinct  types  of  structure.  In  one  form  the 
tissue  presents  essentially  the  same  structure  as  uormal  liver  tissue,  ex- 
cept that  the  arrangement  of  the  cells  is  less  uuifoim  and  the  cells  are 
apt  to  be  lai^r.  They  look  like  little  islets  of  liver  tissue,  sometimes 
encapsulated  and  sometimes  not,  lying  in  the  liver  parenchyma.  In  the 
other  form  the  cells  are  less  like  liver  cells,  are  frequently  cylindrical, 
and  are  arranged  in  the  form  of  irregular  masses  of  tubular  structures 
with  more  or  less  well-defined  lumina.  These  tumors  are  sometimes 
lai^e  and  multiple,  and  in  one  case  described  by  Greenfield  there  were 
metiistatic  tumors  in  the  lungs.  These  tubular  adenomata  are  in  some 
coses  so  closely  similar  to  some  of  the  carciuomata  as  to  be  scarcely  dis- 
tinguishable from  them,  aud  seem,  indeed,  to  merge  into  them. ' 

Aberrant  nodules  of  adrenal  tissue  have  been  found  in  the  liver  and 
may  be  mistaken  for  adenomata.     Cysts  may  develop  in  adenomata.' 

Carcinomata  are  the  most  common  and  important  of  the  liver  tumors, 
and  may  be  primary  and  secondary.  Primary  carcinomata  of  the  liver  are 
probably  developed  from  the  epithelium  of  the  gall  ducts,  and  in  some 
caj^s  are  arranged  along  the  lai^er  tnmks.  The  cells  are  usually  poly- 
hedral, sometimes  cylindrical,  and  maybe  arranged  irregulariyin  alveoli 
or  form  more  or  less  well-defined  tubular  structures. 

Second{iiif  carciHoma  of  the  liver,  which  is  by  far  the  most  common,  is 
usually  due  to  the  dissemination  in  the  ot^n  of  tumor  cells  from  carci- 
nomata of  the  stomach,  intestines,  pancreas,  or  gall  bladder.  But  it 
may  be  the  result  of  metastases  from  the  mamma,  wsopbagus,  uterus, 
and  various  other  parts  of  the  body.  In  secoudiiry  carcinoma  the  cells 
resemble  more  or  less  closely  the  type  of  those  forming  the  primary  tumor. 

The  form  in  which  the  carcinoma  in  the  liver  occurs  varies  consider- 
ably. Sometimes  the  tumors  are  single,  but  more  often  multiple  (Fig. 
1(70) ;  they  may  be  very  large,  or  so  small  as  to  be  scarcely  visible  to  the 
naked  eye;  very  frequently  uumerous  small  nodules  are  grouped  in  the 
periphery  of  a  larger  one.  They  are  sometimes  deeply  embedded  in  the 
liter,  sometimes  they  project  from  the  surface.  The  liter  is  frequently 
an<l  sometimes  enormously  enlarged.  The  nodules  are  usually  whitish  or 
yellowish  or  pink  in  color  or  bile-stained,  and  they  are  often  the  seat  of 
hiemorrhages,  and  may  become  softened  at  the  cent  re,  forming  cysts  filled 

'iimtotof  liiis<li'Kcril>L-d  an  ndt-ini-cnrciiinmaof  the  liver  with  eiliutnl  cells,  Vircbow's 
Areli.,  Bd.  dxii..  p.  1,  liHiliograpliy  of  ullifJ  tiuiiors.  Sec  also  Ilmkriiiier,  Cbl.  t. 
Pulh..  ltd.  -\iii,.  1*12,  ]i.  T05. 

'ScL'for  cyst  frirnuition  in  tlii^  Uvit  Dmoeh.nrdi a\A  .htnoietki.,  Zicgler^s  Boilr.  z. 
palli.  Aunt.,  till,  xvl,,  j).  102. 
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with  degenerated  tumor  tissue  often  mixed  with  blood.  The  nodules  are 
Honietinies  bard,  sometimes  soft  and  almost'  diffluent.  Fatty  deRenera- 
tiou  ill  the  tumor  is  fretiuent,  and  may  be  recognized  by  yellowish  sti-«!aks 
or  patches  on  the  sections.  Owing  to  tlie  degeneration  and  partial  absor])- 
tiou  of  the  central  portions  of  the  tumors,  the  nodules  on  the  surface  of 
the  liver  frequently  present  a  shallow  depression  at  the  centre.  The 
tumors  may  he  sharply  outlined  against  the  adjacent  liver  tissue,  or  may 
merge  imperceptibly  into  it.  They  may  be  so  large  or  numerous  as  to 
occupy  the  greater  part  of  the  eidarged  organ.  The  neighboring  liver 
cells  may  he  flattened  and  atrophic.  The  tumors  may  press  upon  the 
portal  vein  or  its  branches,  or  upon  the  gall  ducts,  and  thus  seriously 
interfere  with  the  functions  of  the  organ.  Sometimes,  howe^'er,  the 
tumors  are  very  large  and  numerous  without  apparent  interference  with 
the  function  of  the  liver.  Melanotic  careiniymata  sometimes  occur  in  the 
liver,  most  frequently  as  secondary  tnmors. 

In  some  cases,  instead  of  forming  separate,  distinct  nodules,  the  can- 
cerous growth  develops  in  the  form  of  a  diffuse  iuSltration  of  the  organ, 
so  that  the  often  greatly  enlai^d  liver  is  irregularly  mottled  with  white 
and  reddish-brown  masses,  and  may  then  somewhat  resemble  some  forms 
of  chronic  interstitial  hepatitis. 

Sarcttmata.— Spindle-celled,  melanotic,  and  telangiectatic  sarcomata 
may  occur  in  the  liver  as  secondary  tumors.'  Secondary  myzomata  and 
chondromata  have  also  been  described,  but  they  are  very  rare.  Angiosar- 
coma may  occur  as  a  primary  tumor.' 

CavemouB  lymphanjfioniata  have  been  described  in  a  few  eases.  Cyats, 
usually  of  small  size,  may  he  formed  by  dilatation  of  the  bile  ducts.     They 
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may  be  multiple  and  contain  serum,  nuicus,  and  degenerated  epithelium. 
Single  cysts,  apparently  unconnected  with  the  gall  ducts,  are  occasionally 
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fouud  in  tlie  eoimecti\'e  tissue  of  the  li^er.     They  may  be  liiied  witli 
ciliated  epithelium. 

The  liver  is  sometimes  the  seiit  of  larger  aud  smaller  multiple  cysti, 
varying  from  microscopical  size  up  to  that  of  a  pea,  and  sometimes  larger. 
They  do  not  appear  to  communicate  with  the  gall  ducts.  They  are  some- 
times associated  with  multiple  cysts  of  the  kidney.     Their  origin  and 


Fiii.  3J1.— "  FOimv  LIVIB." 

The  liver  la  riddled  wlUi  Bmall  bake  fonned  bj  the  srrumiilBtloD  of  Has  developed  by  B.  aernffeiiM  rapeala- 
luB— "fcaa  becllliu." 

nature  are  not  understood,  but  they  are  probably  congenital.    A  teratoma 
of  the  liver  has  been  described  by  Misiok.' 

Occasionally  the  liver  is  fouud  at  the  autopsy,  even  if  this  be  made 
but  a  few  hours  after  death,  more  or  less  completely  riddled  with  small, 
irregular-shaped  cavitiesf  from  the  size  of  a  pin's  head  to  that  of  a  pea 
(Fig.  371).  These  holes  are  due  to  the  accumulation  of  gases  in  the  liver, 
formed  by  the  Bacillus  aerogenes  capsulatus.  This  is  the  so-called 
"foamy  liver"  (see  page  268). 

FARASITEB. 

Ecbinooooons. — This  parasite  is  the  most  common  and  important  of 
those  which  occur  in  the  htiman  liver.  It  forms  the  so-called  hydatidt  of 
the  liver.  These  represent  one  of  the  developmental  stages  of  the  small 
tapeworm  of  the  dog,  Tamia  echinococcus  (see  page  135).  The  cysts  in 
the  liver  may  be  very  small  and  multiple,  but  they  may  be  as  large  as 
a  man's  head  or  larger.  The  liver  may  be  greatly  iucreased  in  size,  aud 
the  tissue  about  the  cysts  atrophied.  The  liver  itself  furnishes  a  connec- 
tive-tissue capsule,  within  which  is  the  trauslucent,  lametlated  membrane 
furnished  by  the  parasite.  On  the  inside  of  this  we  may  find  a  layer  of 
cells,  grauular  matter,  and  a  vascular  and  muscular  system  belonging  to 
the  parasite.  Projecting  from  this  inner  capsule  are  the  brood  capsules 
and  heads  or  scolices  of  the  immature  tapeworm.  The  scolices  may  be- 
come detached  from  the  wall  and  lie  free  in  the  cavity,  which  is  filled 
I  ^fmek.  Jour.  Path,  and  Hart.,  vol.  v.,  p.  128.  1808. 
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with  a  transparent  or  tiirbi<l  fluid.  Not  infrequently  the  cysis  are 
sterile,  and  ai-e  then  8ini]>ly  filled  with  clear  or  turbid  fluid ;  or  the  em- 
bryos may  have  died  and  disintegrated,  and  their  detritus,  including  the 
booklets,  may  be  intermingled  with  the  fluid  contents  of  the  cysts.  The 
contents  of  the  cysts  may  be  mixed  with  fat,  cholesterin  crj'Stals,  pus, 
bile,  or  blood ;  or  form  a  grumous  mass,  in  which  we  may  or  may  not 
be  able  to  find  the  booklets  of  the  scolices  or  fragments  of  the  laniellated 
wall.  The  connective  tissue  of  the  walls  of  the  cj-sts  may  be  greatly 
thickened,  or  they  may  be  calcified. 

In  other  countries  the  lesion  is  much  more  common  and  frequently 
more  formidable  than  in  the  United  States.  The  cysts  reach  an  enor- 
mous size,  the  veins  of  the  liver  may  be  compressed  and  filled  with  thrombi, 
the  bile  ducts  compressed  and  ulcerated.  So  much  of  the  liver  tissue 
may  he  replaced  by  the  hydatidsthat  the  patient  maydie  from  this  cause 
alone.     Very  frequently  there  is  local  peritonitis,  and  adhesions  are 


formed  between  the  liver  and  the  surrounding  parts.  In  some  eases  the 
cysts  rupture,  and  their  contents  are  emptied  into  the  peritoneal  caiity, 
the  stomach,  the  intestines,  the  pleural  cavity,  or  the  lung  tissue.  Some- 
times the  cysts  peiforate  the  bile  ducts,  the  vena  cava,  or  some  of  the 
blanches  of  the  portal  or  hepatic  \'eiiis;  or  the  alMlominal  wall  is  perfo- 
rated and  a  fistula  formed  between  the  cavity  in  the  liver  and  the  surface, 

EchinococcuB  mnltilocularii  (see  page  137),  which  is  apparently  an 
abortive  form  of  tlie  abo^e  siwcies,  is  very  rare  iu  the  United  States 
(Fig.  372).' 

Distoma  hepaticiun,  D,  lineDH,  D.  lanceaUtum,  may  occur  in  the  gall 
ducts  and  gall  bladder.  D.  lineuBe  occurs  especially  in  the  East,  and  has 
been  found  ingreat  numbei's  in  the  bodiesof  Chinamen.  D.  tuematoblnin 
v.,  p.  233,  1899;  consult  ulso  monograph 
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is  xery  common  in  I^ypt  and  Abyssinia,  occurring  iu  the  blood-vessels 
of  the  liver. 

Pentastoma  denticnlatiuu  is  the  undeveloped  form  of  Pentastoma 
tffiuioides,  a  parasite  which  inhabits  the  nasal  cavity  of  doga  and  some 
other  animals.  In  the  liver  of  man  it  usually  occurs  in  the  form  of 
smai),  rounded,  calcified  cysts.  The  cysts  may  contain  fat,  calcareous 
wattei',  and  the  remains  of  the  dead  parasite,  among  which  tJie  hooklcte 
may  be  found. 

Asoans  lombricoideB  sometimes  finds  its  way  from  the  intestines  into 
the  bile  ducts.  It  may  cause  uo  disturbance  here,  but  in  some  cases  the 
worms  have  heeu  present  in  lai^  uumbers  and  caused  occlusion,  dilata- 
tion, aud  ulceration  of  the  biliary  passages,  and  have  led  to  the  forma- 
tion of  abscess  of  the  liver. 

Coccidimn  oviforme,  the  very  common  parasite  in  the  rabbit's  liver, 
has  been  found  a  few  times  in  the  liver  of  man. 


Perforation  and  rupture  of  the  gall  bladder  may  occur  under  various 
conditions  and  is  usually  followed  by  peritonitis. ' 

Catarrhal  Inflammation  most  frequeutly  involves  the  lower  portion  of 
the  common  duct  aud  the  gall  bladder.  In  the  acute  form  it  usually 
leaves  but  few  changes  appreciable  after  death.  An  abnormal  coating 
of  mucus,  and  sometimes  congestion  of  the  blood-vessels,  are  almost  the 
only  post-mortem  lesions.  Owing  to  the  swelling  of  the  mucous  mem- 
brane aud  the  accumulation  of  mucus  in  the  lumen,  the  ducts  may  be 
temporarily  oceiaded,  but  this  occlusion  may  not  be  evident  after  death. 
If,  however,  the  iuflammatiou  becomes  chronic,  the  walls  of  the  bile 
ducts  may  become  thickened  and  their  lumina  more  or  less  permanently 
obstructed.  Iu  consequence  of  this,  dilatation  or  ulceration  of  the  bile 
ducts  may  eusue.  Temporary  obstruction  of  the  bile  ducts  may  pro- 
duce marked  pigmentation  of  the  liver,  owing  to  tlie  accumulation  of 
pigment  granules  in  tha  liver  cells,  particularly  in  the  vicinity  of  the 
capsule  of  Glisson,  and  jaundice  of  the  eutire  body. 

The  gall  bladder  may  be  intlamed  by  itself — chotecydUis — or  in  connec- 
tion with  inttammation  of  the  biliary  passages.  If  the  disease  is  chronic 
the  wall  of  the  bladder  may  be  thickened ;  polypoid  growths  may  occur 
in  the  mucosa;  the  duct  may  be  occluded;  dilatatiou,  ulceration,  the 
formation  of  gall  stones,  calcification,  and  atrophy  may  ensue. 

Indanuuatiou  of  the  stomach  and  duodenum,  hyperEcmia  and  inflam- 
mation of  tiie  liver,  concretions,  and  parasites  frequently  accompany 
catarrhal  infiammatiou  of  the  biliarj'  passages,  but  it  may  occur  without 
these. 

gapporative  and  Cronpoiu  Inflammation  of  the  Bile  Ducts  (Cholangitis) 
'  See  Jtaehard,  Arch.  gen.  de  Med.,  t.  iv.,  p.  159,  1900,  bibliography. 
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and  Gall  Bladder  (CholecyBtltu). — The  wiilis  of  the  duets  may  be  covered  or 
iiiiiltrated  with  a  tibriuous  or  a  punileiit  exudate;  they  may  ulcerate. 

These  lesions  occur  most  fretiueiitly  in  connection  with  obstruction  of 
the  bile  ducts  by  gall  stones  or  othenrise,  and  in  typhoid  and  typhus 
fever,  pyiemia,  and  cholei-a;  or  they  may  be  due  to  the  extension  of 
inflammatory  processes  from  without.  They  also  occur  under  unknown 
conditions. 

In  many  cases  of  inflammation  of  the  gall  dncts,  the  Bacillus  coli 
conimauis,  in  fewer,  the  pyogenic  streptococcus  and  staphylococcus  are 
appi»reutly  concerned. 

Suppurative  inflammation  may  lead  to  perforations  of  the  ducts  or 
bladder,  with  escape  of  bile  and  peritonitis;  or  fistulous  openings  be- 
tween the  gall  bladder  and  the  duodenum,  colon,  and  stomach,  or  through 


Fio.  873,— SrppuRiTiTi:  Inflauvatio; 
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the  abtiomiual  wall.  Or  the  inflammation  may  extend  to  the  liver  tissue 
and  produce  abscesses.  Under  the  latter  conditions  we  may  find  a  series 
of  small  abscesses  ranged  along  the  walls  of  the  suppurating  gall  dncts 
(Fig.  373).  In  more  advanced  stages  the  abscesses  may  become  lai^e 
and  communicate  with  with  one  another,  so  that  a  considerable  poition 
of  the  li^er  may  be  occupied  by  a  series  of  communicating  cavities  with 
ra^ed  walls,  containing  pus  and  detritus  of  liver  tissue  more  or  less 
tinged  with  bile. 

Such  abscesses  may  become  more  or  less  completely  enclosed  by  con- 
nective-tissue walls.  The  portal  vein  may  also  become  inflamed,  and 
perforations  may  be  formed  between  it  and  the  bile  ducts.     The  excitants 
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of  these  iuflaiiiiuatory  pioceasea  iu  the  gall  ducts  antl  gall  bladder  are 
probably  usually  bacteria.  Tlioae  whifi  have  beeu  most  frequently 
found  are  the  "pyogeuic  cocci,"  '  the  eolou  and  typhoid  bacilli,  and  the 
pneumococeus.  It  should  be  borne  in  mind  that  post-morteui  invasion 
of  the  gall  bladder  and  passages  by  bacteria  may  take  place  early, 

Comtriotion  and  Oocloslon  of  the  Bile  DactB. — This  may  be  produced  by 
inflauimatiou  of  the  ducts  thCDiselves,  by  new  growths  iu  their  walls,  by 
calculi  or  parasites  in  their  lumiua,  by  changes  in  the  hepatic  tissue  iu 
chronic  and  acute  hepatitis,  by  aneurisms,  or  by  pi-essure  on  the  duct 
from  without,  as  by  tumors  in  the  head  of  the  pancreas,  etc. 

The  obliteration  of  the  smaller  bile  ducts  produces  no  marked  lesions. 
When  the  ductus  communis  or  the  hepatic  duet  is  obstructed,  the  ducta 
throughout  the  liver  are  frequently  dilated  and  the  liver  tissue  is  bile- 
stained.  The  li\'er  may  undei^o  atrophy  and  the  whole  body  bo  in- 
tensely jaundiced.  When  the  cystic  duct  is  obstructed  the  gall  bladder 
is  dilated. 

Dilatation  of  the  Bile  Docts  is  usually-  produced  by  strictures  in  the 
ways  just  mentioned,  or  by  calculi.  When  calculi  have  produced  the 
dilatation  this  condition  may  sometimes  continue  after  they  have  found 
their  way  into  the  intestines.  Sometimes,  however,  we  meet  with  very 
marked  dilatation  of  the  bile  ducts  without  being  able  to  make  out  any 
present  or  paat  obstmction.  The  dilatation  may  affect  only  the  common 
and  hepatic  ducts,  or  it  may  extend  to  the  smaller  ducts  in  the  liver, 
which  are  then  dilated  uniformly  or  iu  sacculated  forms.  They  may  con- 
tain bile,  mucus,  or  calculi.  The  liver  is  at  firet  enlarged,  but  may  after- 
ward atrophy.  The  gall-bladder  may  be  dilated  in  consequence  of  obstruc- 
tion of  the  common  or  the  cystic  duct.  In  the  latter  case  it  may  reach  an 
immense  size  and  form  a  lai^e  tumor  in  the  abdominal  cavity.  The 
dilatation  is  generally  uniform,  the  bladder  retaiuing  its  normal  shape; 
sometimes,  however,  there  are  diverticula,  which  are  usually  produced 
by  calculi.  If  the  obstruction  to  the  hepatic  duct  is  incomplete  or  mov- 
able the  gall  bladder  may  contain  bile,  and  often  calculi.  If  theobstruc- 
tiou  is  complete  the  contained  fluid  may  gradually  lose  its  biliary  char- 
acter and  become  a  serous  or  mucus  fluid  of  a  light- yellow  color — hydrops 
cyatidis  feilew.  The  walls  of  the  bladder  may  be  of  normal  thickness,  or 
thinned,  or  thickened,  or  calcified.  If  the  obstruction  is  due  to  a  cal- 
culus, this  may  pass  into  the  intestine  and  the  gall  bladder  be  suddenlj 
emptied.  Usually  the  bladder  fills  again,  owing  to  its  loss  of  contractile 
power. 


TUUOBS  or  THE  OALL    BLADDER    AlTD    LABOEB    QALL    DUCTS. 

Small  fibromata  ha^'e  been  described  in  the  gall  bladder  and  in  the 
common  duct,  but  they  are  very  raie.     The  most  common  tumors  are 

'  For  a.  study  of  gall-bladdtr  infections  consult  OuMng.  Johns  Hopkins  IIi>sp.  Bull, 
vol.  X.,  p.  166,  189fl,  bibliography.  Also  Oilhert  aud  Ltppiaaiin,  Coniptes  rend,  de  1ft 
8oc.  Biol.,  November  8tb,  1003,  p.  1180- 


DigitizedbyGoOglC 


THE  LIVER.  613 

carcinomata.  These  may  be  primary  or  secondary,  and  present  the  Tisnal 
structural  variations.  The  cells  may  be  cylindrical,  or  polyhedral ;  or 
they  niay  present  the  characteristics  of  gelatinous  cancer.  Primary  carci- 
nomata and  adenocarcinoma  of  the  gall  bladder  and  lai^r  gall  ducta  are- 
not  uncommon,  and  are  fiwiuently  associated  with  calculi."  Not  infre- 
quently the  pancreatic  and  common  ducts  are  both  involved,  and  it  is 
ditficult  to  say  whether  the  tumor  is  primary  in  the  head  of  the  pancreas 
or  in  the  gall  duct.     The  bladder  and  ducts  may  also  be  secondarily  in- 


FlO.   314.— ADENOMA  OF  TRE  Gjt.L  Dl'CT. 

This  EectloD  Is  rrom  a  aooll  tumor  Rrowlng  witbin  odh  o(  the  larger  Ball  duvu  In  Ibe  tiver. 

volved  in  carcinomata  of  the  stomach,  liver,  and  duodenum.     Adenoma 
of  the  gall  ducts  is  of  occasional  occurrence  (Fig.  371). 

BILIABT  OAI.Ctn.1.    (ChoUUthioaiB.) 

These  bodies  are  of  common  occurrence.  They  are  found  usually  in 
the  gall  bladder,  sometimes  in  the  hepatic,  cystic,  and  common  ducts; 
less  frequently  in  the  small  duets  of  the  liver.  Tn  the  gall  bladder  from 
1  to  7,800  calculi  have  been  counted.  They  vary  in  size  from  that  of  a 
pin's  head  to  that  of  a  hen's  egg,  or  they  may  be  larger.  Single  gall 
stones  are  usually  spheroidal  or  ovoidal ;  when  multiple  they  are  usually 
flattened  at  the  sides  or  faceted  (Pig.  375). 

They  may  be  composed : 

1.  Principally  of  cholcsterin,  and  may  be  of  pure  white  color,  or 
I  Med,  Journal,  vol.  vi.,  pp.  88,  83,  and  130,  1900,  bib- 
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tinge<l  with  various  shades  of  yellow  or  brown  by  bile  pigmeDt.     The 
fractured  surfaee  shows  a  radiating  ciystalline  Htrueture, 

2.  Of  ckolesterin,   bile  pigment,  and  salts  of  caMum  and  magnemum. 


Tbe  noallKr  c>lcul[  show  ibe  [acelcd  cbancler  i  Xhe  lartcer.  cut  arrosa.  sbOH'  the  lamellsUuD. 

These  are  nsually  dark-colored,  brown,  reddish-black,  or  green,  and  may 
be  spheroidal  or  faceted,  smooth  or  rough  on  the  surface ;  the  fractured 
surface  is  usually  radiating  crystalline.     This  is  the  most  common  form. 

3,  Principally  of  bUe  pigment.  Such  calculi  are  rare,  nsually  small, 
very  dark-colored,  and  not  numerous. 

4.  Of  calcium  carbonate.  These  are  rare,  have  a  nodular  surface,  and 
a  clear  crystalline,  not  radiating  fracture. 

Most  calculi  ai«  formed  arouud  a  central  mass,  sometimes  called  the 
nucleus,  which  may  consist  of  cholesterin,  bile  pigment,  mucus,  or  epi- 
thelium, or  more  rarely  of  some  foreign  tjody.  Thus  a  dead  parasite,  a 
nee«lle,  and  fruit  seeds  may  serve  as  nuclei.  The  body  of  the  calculus 
may  be  homogeneous,  or  lamellated,  or  crj-stalline. 

Biliary  calculi  in  the  gall  bladder  may  produce  no  symptoms  and  be 
discovered  only  after  death.  In  the  hepatic  and  common  ducts  they  may 
obstruct  the  flow  of  bile  and  lead  to  fatal  jaundice ;  or  they  may  pass 
from  time  to  time  into  the  intestine,  producing  biliary  colic.  If  they 
are  impacted  in  the  cystic  dnct  they  may  lead  to  dilatation  of  the  gall 
bladder.  They  may  get  into  the  duodenum  by  lilceration  through  the 
walls  of  the  ducts  or  gall  bladder,  or  iu  the  same  way  into  the  peritoneal 
cavity.  Gall  stones  which  get  into  the  intestinal  cavity  usually  pass  off 
without  doing  any  further  injury,  but  very  large  calculi  may  cause  oc- 
clusion of  the  gut  v.-ith  fatal  results.  The  role  of  microorganisms  in  the 
formation  of  gall  stones  has  been  the  subject  of  siguificant  studies.' 

'  Consult  3/j'r7H(i(,Arcli,  gtu.  dc  Mfiiledup,  1808,  t.  ii.,  pp.  129  and  283:  alsoCiithing. 
Johns  Hnpkius  IIokii.  Bnll..  vol.  \..  p.  1611.  1890;  also  Mice zkow ski.  Mitlti.  a.  <1.  Oreuz- 
geb.  d.  Med.  u,  Cliir.,  Bd.  vi.,  p.  ai)7. 19«0. 
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CHAPTER  IX. 

THE  URINABT  ORGANS. 
The  Kidneys. 
Malformations . 

Both  kidneys  may  bo  absent  in  connection  ■with  extensive  malformation  In  fwtusea 
trhicli  arc  not  viable. 

Absence  of  ooe  liidncy  is  not  uncDtninon,  llie  left  kitlney  being  more  frequently 
absent  titan  tiie  riglit.  Tlie  absence  of  tlie  kidney  may  lie  complete,  tbc  urcier  being 
also  absent ;  there  may  be  an  irregular  mass  of  much-ntropliicd  kidney  tiaaue  with  con- 
nective tissue  and  fat,  or  there  may  be  only  a  little  mass  of  connective  tissue  and  fat 
representing  the  kidney,  and  a  ureter  running  down  to  the  bladder.  The  single  kidney 
which  is  present  is  usuully  much  enlarged.  It  may  be  in  its  natural  position  or  dis- 
placed downward.  When  both  kidneys  are  present  one  ot  them  may  1)C  much  larger 
than  the  other.     One  kidney  may  have  two  pelves  or  two  ureters. 


Fio.  376.— HoH»r.slloi:  KlIiNEY. 

A  frequent  malformation  is  the  so-called  horteelioe  kidney  (Fig.  876).  The  lower 
ends  of  the  kidneys  are  joined  together  by  a  coinniissiire.  Tlie  commissure  is  usually 
composed  of  kidney  tissue,  but  sometimes  of  connective  tissue.  The  two  kidneys  may 
be  normal,  cxci']jt  for  the  commissure:  or  their  shape,  clic  arrangement  of  the  vessels 
and  ureters,  and  the  position  may  be  unnatural.  The  two  kidneys  may  be  united 
throughout  so  us  to  look  like  a  single  misshapen  kidney  will i  two  or  more  pelves  and 
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irreguUr  blcKxl -vessels.    Tlie  united  kldaeyB  maj'  be  t>oiU  situated  on  oae  side  of  Hie 
vertebral  column  or  <□  tie  pelvis. 

Tlie  ftctal  lobiikllou  of  tliu  kiduey  frequeDtly  persists  during  aduU  life  (Pig.  8TT). 

Cbatig«s  in  Position. 

Tiic  kidneys  may  be  placed  \n  an  ubnorninl  situation,  in  wljieii  tliey  arc  either  fixed 
or  movable. 

Tilt'  cliangc  iu  position  is  either  lateral  or  downwai'd.  When  diapluced  dowDward 
the  kidney  may  be  over  tlie  sacrum  or  below  tliis  in  llie  cavity  of  the  pelvis.     The 


vessels  also  have  an  irregular  origin  and  distribution,     Tbc  kidney  is  firmly  attached 
iu  its  ubuormal  position. 

Movable  or  wandering  kidneys  are  found  in  adult  life  as  a  result  of  tight  lacii)};.  of 
pregnancy,  of  overexertion,  and  of  unknown  causes.  They  are  more  common  in 
females  tliau  iu  males,  and  tbe  right  kidney  !s  most  frequently  involved.  The  blood- 
vessels become  lengthened  and  tbe  attachments  of  the  kidney  longer  and  looser. 


OOHFEHSATOBT  HTFEBTBOPHT  OT  THE  KIDNET. 

VVheu  oue  kiduey  is  involved  in  lesions  which  seriously  interfere  with 
its  function  the  other  organ  may  increase  in  functional  cai>aeity  through 
an  hypertrophy  and  hyperplasia  of  its  gland  cells.  A  similar  alteration 
niaj-  take  place  iu  the  sound  jiarts  of  an  oi^au  pai-tially  compromised  by 
stnictnml  1 


'  For  a  study  of  this  condition  see  Aieerrlolti,  Virchow's  Arch.,  Bd.  cxlvi.,  p.  267, 
1896,  bibliography. 

Consult  also  for  general  consideration  of  hypertrophy  Tlioma,  "  Text-Book  of  Gen- 
eral Falhology."  vol,  I.,  p.  448,  Englisli  translation. 
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DISTUBBANOES  OF  CntOUI^TIOir. 

Ansemift  of  tbe  kiduey  occurs  in  general  anfemia:  it  may  be  associated 
with  various  forms  of  diffuse  nephritis.  Local  auffiinia  may  be  due  to 
thrombosis  or  embolism. 

AcDte  Hypersmia — Acute  Condition. — This  may  occur  iu  early  phases 
of  au  acute  inflammatory  process  or  after  the  ingestion  of  irritant  poisons. 
The  kidneys  may  be  swollen,  the  vessels  distended,  and  bloody  fluid  ex- 
udes from  the  cut  surfaces.  There  may  be  extravasation  of  red  blood 
cells  from  diapedesis. 

Chronic  Hypersemia — Chronio  CongeBtion. — This  may  occur  in  connec- 
tion with  a  similar  condition  in  the  other  viseei-a  when  the  circulation  is 
impeded  through  uncompensated  lesions  of  the  heart  and  lungs,  such  as 
chronic  endocarditis  involving  the  aortic  and  mitral  valves,  cardiac  dila- 
tation, aortic  aneurism,  emphysema,  large  accumulations  of  fluid  iu  the 
pleural  cavities;  or  it  may  be  associated  with  obstruction  of  the  renal 
vein  or  inferior  veua  cava  by  thrombosis  or  pressure  from  tumors,  etc. 
The  kidneys  in  this  condition  are,  when  typical,  slightly  or  considerably 
enlarged,  increased  in  weight,  hard,  and  dark  red  in  color  with  capsule 
not  adherent  and  surface  smooth.  The  congestion  is  most  marked  in  the 
capillaries  of  the  glomeruli  which  are  widely  dilated,  often  with  thickened 
walls;  in  the  interlobular  veins,  the  vasa  i-ecta,  and  the  stellate  veins  of 
the  cortical  surface. 

The  epithelium  of  the  convoluted  tubules  may  be  swollen ;  or  it  may  be 
much  flattened  so  that  the  lumen  of  the  tubule  is  enlarged.  If  the  con- 
gestion persist,  there  is  hyperplasia  of  the  inteistitial  tissue  of  the  kidney 
with  degeneration  of  the  epithelium,  the  formation  of  casts,  atrophy  of 
the  tubules,  etc.    Chronic  congestion  may  lead  to  chronic  diffuse  nephritis, 

Emboliun,  Thrombosis,  and  Inftirction. — If  the  renal  artery  or  one  of  its 
branches  be  plugged  by  an  embolus  or  thrombus,  an  antemic  infarction 
of  the  region  is  the  result.  There  maybe  one  or  several  such  infarctions 
which  are  usually  more  or  less  wedge-shaped,  the  apex  directed  inwai'd 
corresponding  to  the  vascular  territory  compromised.  They  are  pale  or 
yellowish,  hard,  and  aa  inflammatory  reaction  sets  in  may  be  surrounded 
by  a  red  hypersemic  zone. 

Within  the  limits  of  the  infarction,  neci-osis  of  epithelium  or  of  the 
entire  mass  of  involved  tissue  may  take  place  with  such  subsequent 
alterations  as  ha\'e  been  already  described  on  page  76. 

The  seat  of  old  and  healed  infarctions  may  be  indicated  by  small 
fibrous  cicatrices." 

Hiemorrhagic  infarctions  in  the  kidney  are  rare.  Infarctions  may 
become  the  seat  of  gangrene  when  putrefactive  bacteria  gain  access  to 
them ;  or  suppurative  inflammation  with  the  formation  of  abscesses  may 
occur.  Embolism  of  the  renal  artery  may  result  in  necrosis  of  the  entire 
,  study  0 
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kidney.  Thrombosis  of  the  renal  vein  may  be  induced  by  the  pressure 
of  tumors,  either  on  this  vessel  or  on  the  vena  cava;  or  it  may  occur  iu 
cachectic  conditions. 

ALBUXmrUBJA  Am)  OASTS. 

Albnminaria. — Albuminous  materinl  or  serum  not  infrequently  pas-ses 
out  of  the  blood-vessels  of  the  kidneys,  either  through  the  glomeruli  or 
the  tubules,  and  mingles  Tith  the  excreted  substances.  While  this  may 
occasionally  occur  under  conditions  which  caunot  be  regarded  as  ab- 
normal, it  is  common  in  many  diseases  of  the  kidney  aud  is  frequent 
without  demoustrabte  kidney  lesions  in  fevers,  infections  diseases,  ab- 
normal conditions  of  the  blood,  ^'arious  forms  of  poisoning,  distnrbanct's 
of  the  circulation,  etc.  Albuminous  material  may  also  be  set  free  by 
abnormal  metabolism  or  disintegration  of  the  renal  epithelium. 

In  albuminuria  with  pronounced  kidney  lesions  there  are  usually 
well-deflued  alterations  in  the  capillaries  of  the  tufts  aud  in  their  epi- 
thelial investment.  There  may  be  thrombi  in  the  capillaries ;  their  walls 
may  be  thickened ;  the  flat  epithelium  covering  them  may  be  swollen  or 
fatty,  or  may  peel  off,  or  it  may  proliferate.  In  the  kidneys  of  cases  of 
pronounced  albuminuria,  preser\-ed  iu  alcohol  or  other  fixatives  which 
coagulate  albuminous  material,  this  substance  may  be  seen  within  Bow- 
man's cai)sule  or  iu  the  lumina  of  the  tubules  as  fine  or  coarse  granules. 


Fio.  378,— Hyaline  OLOBrLUS  IN  UBiNirKRors  Tubcle. 
Tb^re  Is  niHO  d^e^neraUan  and  dlsEnlegratlun  uC  Ibe  eplUieUum. 

Albuminous  material  in  the  tubules  may  form  casts  (see  below)  or  when 
the  conditions  are  favoi-able  fibrillar  fibrin  may  form. 

Casts. — Albuminous  material  which  under  various  abnormal  condi- 
tions has  escaped  from  the  blood-vessels  in  solntion  may  coagulate, 
esi>ecially  iu  the  lumina  of  the  tubules,  fonning  the  moi'e  or  less  cylin- 
drical or  globulai'  structures  called  casts.  These  may  be  homogeneona 
in  structure — hyaline  casts;  or  the  albuminoiis  material  of  which  they 
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are  formed  may  be  mingled  with  tlie  products  of  degeneration  and  disiD- 
tegration  of  epithelial  cells,  either  from  the  glomeruli  or  from  the  tubules; 
or  with  red  blood  cells,  or  leucocytes,  or  exfoliated  epithelial  cells.  In 
this  way  granular  casts,  epithelial  casts,  blood  casts,  etc.,  are  formed.  The 
epithelium  of  the  tubules  may  peel  off  iu  masses,  forming  cast-like  cell 
structures.  Homogeneous  globules  of  various  sizes  may  be  formed  in 
the  tabular  epithelium  whi(^  is  yet  iu  place,  and  as  the  cells  degeuerate 


FIG.  378,— Utall.m  Casts  in  DRiNirERorii  Tcbulf. 
The  FplUieltuDi  la  flBUened  In  tbe  tubutM  containing  tbe  nuts, 

and  disintegrate,  such  homogeneous  globules  may  collect  in  the  lumina 
of  the  tubules  (Fig.  378)  or  they  may  fuse  to  form  hyaline  casts  (Fig. 
379).  Homogeneous  casts  giving  the  micro-chemical  characters  of  amy- 
loid are  of  occasional  occurrence  iu  the  tubules. 

Casts  and  cell  detritus  may  form  both  in  the  cortical  and  medullary 
tubules  aud  may  pass  out  of  the  organ  with  the  nrine. 

DEaENEBATION. 

AlbnminDu  Degeneration  (Parenohymatoiu  Degeneration — Acute  Degen- 
eration),—This  form  of  degeneration  is  most  common  in  the  aeute  infec- 
tious diseases,  such  as  diphtheria,  scarlatina,  measles,  typhoid  fever,  yel- 
low fever,  and  in  many  forms  of  septicemia  and  toxtemia.  It  usually 
accompanies  similar  lesions  in  other  viscera.  In  moderate  degrees  of 
the  lesion,  the  epithelium,  particularly  of  the  convoluted  tubules,  is 
swollen  and  more  coarsely  granular  than  normal  (Fig.  380).  In  more 
pronounced  lesions  in  addition  to  simple  albuminous  degeneration  the 
epithelium  may  become  more  or  less  filled  with  minute  fat  droplets,  or 
the  cells  may  disinfegi'ate  and  peel  off,  or  they  may  become  necrotic  and 
the  nuclei  fail  to  stain.  The  cell  body  may  then  undergo  coagulation  oi 
disiutegi"ate. 
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The  gross  appearance  of  the  kidueye  varies  with  the  degree  aud  ex- 
teat  of  the  degeneration.  The  kidney  may  be  slightly  or  considerably 
enlarged.     On  section  the  cortex  is  usually  thickened  aud  pale  with  ob- 


PlQ.  Bnu.—ALBCxlNOUB  DEOKNERATioN  OF  THE  EiDNEY  (AcuM  PorvnchyDialAua  DeKenenulun). 
From  a  case  al  yellow  (ever 

literatiou  of  the  normal  cortical  markings.  The  eap.^ule  of  the  kidney 
is  not  abnormally  adhei-eut,  WTien  there  are  other  associated  or  an- 
tecedent lesions  in  the  kidney,  the  gross  appearanoe  of  the  oi^n  varies. 
Fatty  D^eneration. — This  may  occur  in  those  disea-ses  of  the  blood  or 
circulatory  system  in  which  general  nutrition  snffers;  in  infectious  dis- 
eases often  associated  with  or  following  albuminous  degeneration ;   iu 


FM.  3»1.— FilTT  DlQINEBATIOS   OP  THK  EPFTHELICX   IN  THE  COSTOtrTEB  T 

Tbfl  [at  droplets  ant  slalned  black  by  oemlc  add. 
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various  cachexice;  in  acute  and  chrouic  forms  of  kidney  disease,  and  iu 
poisoniug  by  phosphorus,  arsenic,  etc. 

The  degeueration  nuiy  be  diffuse  aud  widespread  or  it  may  oceur  iu 
patches.  If  diffuse,  the  cortex  in  which  it  is  most  marked  is  ustially 
more  or  less  thickened,  opaque,  and  yellowish;  if  iu  patches,  there  ai* 
opaque  yellow  streaks  or  spots  in  the  cortex.  But  these  appearances  are 
often  obscured  by  various  other  lesions.  If  the  degeneration  be  moder- 
ate iu  degree,  tliere  are  larger  and  smaller  fat  droplets,  nsnally  most 
abundant  in  the  basal  portion  of  the  epithelium  of  the  convoluted  tubules 
(Fig.  381).     In  more  marked  degeueratiou,  the  cells  of  the  convoluted 


FlO.  3ffl.— AMVlJim   DEnEN'KHATTOM  OF  TffT  C*Pltl.*B[IS  II 

tubules  may  be  filled  with  fat  droplets  aud  may  peel  off,  or  they  may 
disintegrate,  setting  the  fat  free  in  the  lumen  of  the  tubules.  The  de- 
generation may,  involve  the  tuft  and  capsule  epithelium  as  well' as  that 
of  the  collecting  tubes,  and  fat  droplets  may  be  found  free  or  in  cells  in 
the  interstitial  ti.ssue. 

Amyloid  S^eneratlon.— This  is  usually  associated  with  amyloid  de- 
geuenition  elsewhere  in  the  body  aud  commonly  occui-s  iu  kidneys  which 
are  already  the  seat  of  various  forms  of  chronic  lesion.  Usually  the 
kidney  is  enlarged,  the  section  is  shining  or  translucent,  the  cortex  is 
thick  and  pale,  the  glomeruli  are  often  unusually  plain.  The  capillaries 
of  the  tufts  (Fig.  382)  and  the  vasa  recta  are  most  often  involved.  If  the 
kidney  be  otherwise  altered,  tlie  gross  and  microscopic  appearances  vaiy. 

Qljcogm.  Degeneration  of  the  epitheliimi  may  take  place  in  diabetes 
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mellitns.     It  is  nsually  most  marked  in  the  cells  of  Henle's  locps  (Fig, 
383). 

Calcifioatioa  may  occur  in  chronic  ioflammatory  lesions  or  in  old  in- 
farctions; iu  the  intertubular  tissue  of  the  medulla  in  the  aged,  or  in 
casta  in  the  collecting  tubes. 

nrgLAMMATioy. 

a«ikeral  Oonaiderationa. 
Itanj  of  the  aiteralions  Id  the  kidney  ivliicli  are  ccinimonlj  considered  Inflammatory 
are  in  fact  degeoerative,  and  tliese  degenerative  cJiangea  are  often  bo  important  and  so 
coDspiouoiis  in  llie  lesiona  as  to 
fairly  dominate  tlic  gross  and 
microscopic  appearances.  Tlie 
processes  in  tlie  kidneys  wliicli 
may  be  properly  cousidcred  in- 
flammatory arc  eitiier  exudative 
or  productive,  so  tliat  the  appar- 
ently complex  series  of  kidney 
ciiaugca  whicli  are  grouped  under 
tlie  name  eeplmtis.  or  Bright's 
disease,  are  really  phases  of  nru- 
diiire  or  p)'<iductneinJtammiilion, 
or  tMitii,  associated  witli  degeiier- 
atire  pronmes. 

Wlietlier  the  kiducys  be 
large  or  small,  wliite  or  re<l  or  mottled,  smooth  or  rough ;  v,-iiechcr  tJic  disease  Im;  acute 
or  chronic,  it  is  always  these  comparatively  simple  pi-ocessea,  varying  in  extent,  in 
duration,  in  intensity,  and  in  relative  predominance,  which  are  to  be  taken  into  the  ac- 
count in  the  study  of  inflammation  of  this  organ. 

There  are  perhaps  no  lesions  whose  classiflcation  has  seemed  beset  with  such  difB- 
cnlties  as  those  of  the  kidneys.  This  is  largely  due  to  a  failure  to  realize  that  the  vari- 
ous phases  of  inOamniation  and  degeneration  do  not  stand  apart  as  independent  proc- 
esses or  lesions,  but  are  closely  associated  and  often  merge.  It  is  difUcull,  perliapa 
impossible,  to  make  a  classiflcation  whicli  shall  meet  the  requirements  of  the  clinic, 
the  limitations  of  urinary  tests,  and  at  tlie  same  time  accord  with  the  rcvchitions  of  the 
autopsy  and  the  microscope. 

Que  of  the  difficulties  in  framing  a  classiflcation  of  kidney  lesions  is  that  there  are 
many  and  serious  abnormalities  in  tlic  function  of  the  kidney  wliicli  do  not  flnd  expres- 
sion in  such  structural  changes  as  we  can  at  present  recognize.  Our  knowledge  of  such 
of  the  minute  structural  lesions  in  the  renal  epithelium  as  are  not  manifested  by  altera- 
tions in  the  size  and  form  and  organic  integrity  of  the  cell  is,  in  fact,  very  meagre. 
So  that  ^e  attempt  to  classify  inflammatory  lesions  of  the  kidney  upon  both  clinical 
and  morphological  data  often  leads  to  conjecture  or  confusion,  frequently  to  both. 
Considering  the  scope  of  this  book  and  our  present  purpose,  it  seems  wiser  to  set  forth 
here  as  concisely  as  possible  the  essential  cliaracter  of  the  lesions  in  acute  and  in  chronic 
phases  of  inflammation  and  degeneration  in  the  kidney  based  upon  morphological  rather 
than  upon  clinical  data. 

It  is  coiiveuieut  to  divide  the  acute  inflammatory  processes  of  the 
kidneys  into  two  forms.  Suppurative  A'ephritia  and  Acute  IHffuae  A'epkritis. 

Suppurative  Nephritis. 

Suppurative  inflammatiou  of  the  kiduey  may  follow  injury  with  local 
infection.     It  is,  however,  most  often  due  to  the  presence  of  bacteria, 
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commonly  the  pyc^eiiic  cocci,  wliich  Lave  beeu  broiight  through  the 
blood-vessels  from  a  remote  iufective  focus,  as  iu  ulcerative  endocarditis, 
septic  phlebitis,  etc. — etiibalic  iitfedion.  Or,  on  the  other  hand,  the  bac- 
terial excitant  may  be  transmitted  to  the  kidneys  through  the  urinary 
passages — axeending  hi/ection. 

Traumatic  lesions  of  the  kidney  may  lead  to  suppurative  nephritis 
either  through  direct  infection  of  the  wound  or  by  the  establishment  of 
local  vulnerability  (see  footnote,  page  1B3)  to  the  action  of  bacteria  which 
may  later  gain  access  to  the  injured  tissue  through  the  circulation. 
After  infected  wounds  or  injuries  of  the  kidney,  lai^e  abscesses  may 
de^■e]op,  or  nearly  the  whole  organ  may  be  converted  into  a  mass  of  pus, 
blood,  and  disintegrated  tissue. 

In  theembolictype  of  suppurative  nephritis,  small  abscesses  are  formed 
most  frequeutly  in  the  cortex.     Where  bacteria  lodge  and  grow  in  the 


Fig.  SS4.— SrppCRATiTE  Nephritis. 
Developed  Irom  IhTmUoii  by  WB7  ol  Un  urlDarr  psAMges  (sMslled  "eurglcal  Udaey"). 
tissue  there  is  at  fii-st  circumscribed  hyperiemia  or  hteniorrhage  and 
necrosis,  with  subsequent  gathering  of  leucocytes  and  finally  the  disin- 
tegration of  tissue  and  the  formation  of  abscess.  Such  kidneys  present 
to  the  naked  eye  on  section  small  spots — or  in  the  medulla  streaks— which 
are  red  or  gray  or  yellow,  depending  upon  the  degree  of  advancement  of 
the  lesion.  In  such  areas  the  bacteria  may  be  readily  demonstrated, 
sometimes  in  early  stages  in  dense  masses  in  the  capillaries  and  other 
smaller  vessels,  or  later  scattered  through  the  necrotic  and  disintegrat- 
ing tissue  (Fig.  96,  page  205),  Embolic  abscesses  are  commonly  devel- 
oped in  both  kidneys  and  by  extensive  coalescence  may  give  rise  to  large 
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abscesses.  There  is  reason  to  believe  that  in  certain  forms  of  septictemia 
bacteria  may  secure  a  foothold  in  the  tubules,  not  asemboli,  bntthrough 
excretion,'  In  such  cases  tlie  suppnrative  foci  may  be  at  first  limited 
to  the  medulla. 

AtcendUig  Infection. — lu  suppurative  uephritis  associated  with  a  sim- 
ilar process  in  the  ni-eter,  bladder,  etc.,  the  medullary  portion  of  the 
kidney  is  nsuully  earliest  involved  and  then  the  elongated  form  of  the 
suppnrative  areas  (Fig.  384)  corresponds  to  the  grouping  of  the  tubules 
iu  this  region.' 

Whate\-er  the  form  in  which  it  may  manifest  itself,  suppurative  in- 
flammation of  the  kidney  is  commonly  induced  by  some  one  or  combi- 
nation of  the  pyogenic  micro-organisms  which  may  lodge  within  it  under 
favorable  conditions.  Thus  Streptococcus  pyogenes,  Staphylococcus  py- 
ogenes. Bacillus  coli  commuuis,  Bacillus  pyocyaueus.  Bacillus  proteus; 
the  pneuniococcus,  the  typhoid  bacillus,  and  others,  may  l»e  found  in  the 
suppurative  foci.  Sometimes,  however,  especially  iu  the  more  chronic 
procesKes,  micro-organisms  ai'e  not  demonstrable. 

AcL'TE  IHffi'mk  Xephritis. 

This  pro«-esH  may  occur  in  acute  infectious  diseases;  it  is  especially 
common  in  scarlatina  and  not  infrequent  iu  diphtheria,  typhoid  fever,  the 

exanthemata,  malaria,  and 

_^'   ^'^^^       ""     "^i*!,  ^  in  septiciemia  due  to  vari- 

■  ^  ig'         '^tgi  ^^  ous  bacterial  excitants. 

^'  /^  '^^(fc         -        £')  ^^  '^''*'  lesions  of  acute  dif- 

li  <^e('*  >'^^*\^''^"*  5^^-         fuse  nephritis  vary  greatly 

r    V*  ift     '"(s.    ►  *^    -A* >;^  «    "*,  I        in  extent,  in  degree,  in  the 

\r^  \ "  ^-^- ^^ . ,^«-.^  ,^ - ^ 0 - ■ 
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i-elative  involvement  of  one 
or  other  renal  structure, 
as  well  as  with  the  dui-n- 
tioii  of  the  process.  In  this 
iis  in  other  forms  of  inflam- 
mation of  the"  kidney,  de- 
generation is  an  importiuit  and  often  pre<lominaut  factor  iu  the  mor- 
phologj'  of  the  lesions. 

We  shall  now  consider  those  lesions  which  in  varying  degrees  are 
characteristic  of  an  early  phase  of  acute  diffuse  nephritis,  such  as  fre- 
([ueiitly  occurs  in  the  conrse  of  the  acute  infectious  diseases.  While 
changes  in  the  different  structural  coniponentK  of  the  kidney  may  occur 
simultaneously  and  are  intimately  related  to  each  other,  we  shall  study 
first  the  Iciions  of  the  glomeruli,  second  those  of  the  Uibnles,  third  those 
of  the  iiiti-rifilittl  tissue  and  its  \'essels. 

Tlie  Glonientli. — One  of  the  early  alterations  in  the  tufts  of  the  glom- 
'  Piir  study  (if  1-xcrelion  iif  bnMeria  by  kidney  see  Aiic/i.  Obi.  f.  Kr,  d.  Ham-  u.  Sex,- 
Org..Bd.  xHi.,  1B08.  pp.  249  snJ  834.     Also  refcreuce  pp.  I63and82«. 

For  atudy  of  cliniiuaiiou  of  pigment  by  kidncv,  sec  Ciirter.  Jour.  Am.  Med.  Assn.. 
November  aist.  1903. 

'Pur  furtber  dclaila  confrrning  suppurative  nephritis  consecutive  to  gtmilar  proc. 
esses  in  adjacent  organs  see  below. 
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eruli  is  the  swelling  of  the  cells  which  cover  the  capillaries,'  These  cells 
■which  in  normal  conditions  are  thiu  and  scarcely  visible,  save  by  their 
nuclei,  now  project  from  the  capillary  loops,  sometimes  remaining  closely 
apposed  to  the  capillaiy  walls,  sometimes  assuming  polypoid  shapes 
(Fig.  385),  sometimes  forming  a  continnous  thick  covering  of  cuboidal 
cells  over  the  vessels.  The  nuclei  are  larger  than  normal  and  mitosis 
may  be  evident.  Similar  changes  occur  in  the  epithelium  between  the 
capillary  loops.  The  capillaries  are  sometimes  distended  and  plugged 
with  cells;  some  of  these  are  leucocytes;  others  are  larger  with  lai^ 
nuclei  and  may  be  swollen  endothelium.  Hyaline  thrombi  are  often 
found  in  these  tuft  capillaries.  The  swollen  and  proliferating  tnft  epi- 
tbelia  often  uudei^o  fatty  degeneration  and  may  peel  off  into  the  glom- 
erular space. 

In  some  cases  the  proliferation  and  exfoliation  are  extensive  and 
the  cells  may  collect  in  cresceutic  masses  within  Bowman's  capsule, 
crowding  the  tuft  toward 
its  hilus.  The  cells  iu  these 
crescentic  masses  may  be 
flattened  from  pressure  and 
in  profile  appear  fusiform 
(Fig.  386).  The  capsular 
epithelium  may  be  swol- 
len or  remain  apparently 
intact  while  there  is  a  large 
cell  accnmulation  from  the 
tuft ;  or  it  may  proliferate 
or  become  fatty  or  peei  off. 
Swelling,  exfoliation,  and 
proliferation  of  the  glomer- 
ular epitheliumiu  some  de- 
gree are  of  frequent  occur-  nn.  88S.-acitb  di^fcss  NKPHmijB-roLLOwmo 
rence   iu   acute    nephritis.  scarhils*. 

They  are  sometimes  so  pro-  swollen  cell*  are  leen  upon  the  caplltaiT  luh  ana  llnlnff 

nouueed  eaneriallv in  acntp      BowiD«p-Bcap.uie.    Poi,hedraiBQdn»uenedwii«itBinmMBei 

uuuuumi,  uapeciaiiy  m  acme  between  tlw  apaule  and  the  tuft :  tbe  latter  bu  been  preued 
nephritis   following   SCarla-       upon  by  tbecelln  and  otnereiudaie  within  tb«c«|i«u1e. 

tina,  either  with  or  with- 
out extensive  associated  lesions  as  to  have  suggested  a  name  for  one 
phase  of  the  lesion — glomeryio-n^hritU.  There  is  sometimes  a  considera- 
ble accumulation  of  albuminous  exudate  between  the  tuft  and  capsule. 
Such  albuminous  material  in  specimens  fixed  by  alcohol  is  in  the  form  of 
fiue  granules  and  may  be  mingled  with  exfoliated  and  often  fatty  epithe- 
linni  or  cell  detritus. 

Leucocytes  and  red  blood  »,ells  may  be  present  with  other  exudate 
within  Bowman's  capsule. 

o  pathological 
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The  TubuUs. — The  lesious  of  the  tubules  of  the  kidney  in  the  early 
pliases  of  acute  uepliritis  are  lai^ly  degenerative;  the  epithelinni,  es- 
pecially of  the  convoluted  tubules,  is  swollen  and  coarsely  granular  (Pig. 
380),  or  it  may  contain  few  or  many  fat  droplets  (Fig.  381) — slbuminons 
aud  fatty  degeneration.  The  epithelium  may  l>ecome  necrotic  and  may 
disintegrate  or  peel  off  over  larger  or  smaller  aieas.  Thus  the  lumiiia  of 
the  tubules  may  contain  fragments  of  epithelinm  or  detritus  mingled  with 
albuminous  fluid — serum — red  blood  cells  and  leucocytes,  or  hyaline  or 
other  forms  of  easts  (Fig,  370).  Red  blood  cells  may  be  estravasated 
in  considerable  numbers  and  collect  in  the  tubules  or  pass  on  with  the 


F[0.  3S7.— ACUTE  DLFU'S 


exudates.  The  casts  and  other  exudates  may  be  present  In  the  cortex  or 
in  the  collecting  tubes  of  the  kidney. 

The  IntcrslUial  Tmue. — This  in  early  phases  of  acute  nephritis  may 
be  oadematous  or  it  may  be  more  or  less  infiltrated  with  leucocytes  or 
fibriiions  exudate.  Patches  of  new-formed  small  spheioidal  cells,  or 
larger  cells  with  conspicuous  excenfric  imclei  may  be  present  either  in 
the  vicinity  of  the  glomeruli  (Fig,  387)  or  near  the  interlobular  ^-eins, 
or  a  general  thickening  of  the  interstitial  tissue  may  occur  even  very 
early  in  some  forms  of  acute  diffuse  nephritis,  particularly  in  those  fol- 
lowing scarlatina  and  diphtheria. 

Vt'e  have  thns  seen  that  in  the  early  phases  of  an  acute  inflammatioa 
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of  the  kidneys,  sach  as  may  occur  iiidepeudently  or  in  connection  -witli 
acute  infective  processes  elsewhere,  there  is  an  involvement  of  all  the 
structural  nuits  of  the  organ,  the 
glomeruli,  the  tnbnlar  epithelinni, 
and  the  interstitial  tissue.  Such 
a  process  involving  the  vanous 
kinds  of  tissue  is  called  diffuse, ' 
and  the  process  is  therefore  desig- 
nated Acute  Diffuse  Nephritis. 

While  both  kidneys  ai-e  in- 
volved in  acute  diffuse  neplmtis, 
the  lesions  in  each  are  by  no 
means  uniform  either  in  extent  or 
advancement  and  are  often  patchy 
or  irregular  in  distribution.  ^'"^  5«8-'»<:ite  vtm-^K  NWHsms. 

Variation,    in    Type    in  Acute  jrw?^r,rI;:r^reX"™""t^ tl^rJ^ 

Slfiuse  Nephritis. — There  are  many    cedema  or  tbe  mieratlUM  tUeue-eiudatlve  tipo. 

variations  in  the  type  of  tbe  le- 
sions in  acute  diffuse  nephritis,  some  of  which  seem  to  be  directly  de- 
jwudent  upon  the  character  of  the  excitant,  while  in  othera  the  varia- 
tions cannot  as  yet  be  associated  with  known  determining  conditions. 

If  one  guard  himself  against  the  notion  of  distinct  species  in  the  le- 
sions it  is  convenient  to  i-ecoguize  certain  strnctural  variants  or  types. 
Thus  the  changes  in  the  glomerular  capillaries  and  epithelium  may, 
as  above  indicated,  be  prominent — glomerular  type — (so-called  j^iomenito- 
neit/iritis)  (Figs,  386  and  387) ;  the  degenerative  process  in  the  tubular 
epithelium  may  be  extreme — parenchymatous  or  degenerative  type ;  there 
may  with  other  lesions  be  considerable  haemorrhage  into  tbe  glomeruli 
tubules  and  interstitial  tissue — hcemorrhagic  type.  With  or  without  marked 
structural  involvement  of  the  parenchyma  and  interstitial  tissue  there 
may  t>e  an  exudative  inflammation  in  which  serum  and  leucocj^tes  (Fig. 
3S8)  and  more  or  less  red  blood  cells  may  gather  in  the  glomeruli  or  tu- 
bules and  with  various  forms  of  casta  pass  oflf  in  the  urine.  This,  which 
is  common,  has  been  called  by  Delafield  tbe  exudative  type  of  acute  diffuse 
nephritis.  Finally,  with  any  one  or  more  of  the  above  types  of  lesion 
there  may  be  early  and  significant  involvement  of  interstitial  tissue  of 
the  kidney,  so  that  new  and  often  very  cellular  tissue,  either  in  small 
patches  or  through  a  large  portion  of  the  organs,  may  lead  to  tubular 
atrophyand  toseriousand  permanent  structural  alterations.  This,  which 
has  beeu  called  by  Delafield  the  productive  type,  by  others  the  intergtitud 
type  of  acute  diflfuse  nephritis  (Figs.  387  and  389),  is  most  frequent  as  a 
complication  of  scarlatina;  it  may  follow  diphtheria,  or  pueri)eral  infec- 
tions, and  may  occur  as  an  apparently  independent  process,' 


-Consult  for  an  interesting  atiuly  of  "acute  interstitial  iieplirilis."  Coviicilmiin, 
Jour.  Exp,  Med.,  vol.  iii.,  p.  393,  18D8.  Councilman  roganls  tlio  new  cells  in  tlio  iutei- 
sCitial  tissue  as  largely  "  plasma  cells  "  derived  from  lymplioid  cells  of  tbe  blood. 
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Between  these  types  of  lesion,  largely  based,  as  will  be  Been,  npon  the 
relative  involvement  of  the  strnctural  units  of  the  kidney,  are  many  in- 
termediate forms  which  the  scope  of  this  book  does  not  pennit  ns  to 
consider. 

Kidneys  which  are  the  seat  of  acute  diffuse  nephritis  sometimes  ap- 
pear almost  normal  on  gross  inspection.     But  in  more  typical  forms  they 


rio.  3se.— AcoTB  Dirrcsi  Niphrctis. 

A  Tertlatt  secUoa  ot  the  cortex.  BhowltMt  (be  iredffe«haped  gnmh  o(  connecUie  tlamie  wllh  nCrnptiy  ol 
the  slomemll  a,na  lubules  Id  the  region  npedsllr  Involved.  Rttlcb  Is  Uie  lerriHirT  oI  one  oT  (lie  Inurlobulu 
KTterlea.   TM»  l»  acute  nepbrltla  of  the  pn>ductlve  type. 

are  slightly  or  considerably  enlai^d,  the  capsule  is  free,  the  cortex  is 
thickeued,  and  either  reddened  or  pale  or  mottled  red  and  gray.  "SVlieu 
the  interstitial  tissue  is  (edematous  the  cortex  may  appear  translucent. 
The  glomeruli  may  be  red  or  pale  and  conspicuous  or  normal  in  appear- 
ance. The  pyramids  may  seem  unusually  red  by  contrast  with  the 
thickened  pale  cortex.  In  hfemorrhagic  forms  of  acute  nephritis  in 
which  blood  may  collect  in  the  glomeruli  in  the  interstitial  tissue  and  in 
the  tubules,  the  cortex  may  be  mottled  with  red. 

In  many  forms  of  aeute  diffuse  nephritis,  particularly  if  the  inter- 
stitial tissue  be  not  considerably  involved,  resolution  may  take  place. 

The  Ezoitantg  of  Acute  Diffase  Nephritia. — In  many  cases  of  acute  dif- 
fuse nephritis,  the  process  seems  to  be  due  to  toxic  substances  which  are 
formed  under  the  influence  of  micro-organisms  in  other  parts  of  the  body 
and  presumably  excreted  by  the  kidney  with  whose  cells  they  come  into 
intimate  contact  or  in  whose  metabolism  they  may  share.     Acute  nephritis 
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Is  also  induced  by  various  exogenoos  poisous,  such  as  corrosive  subli- 
mate, carbolic  acid,  cantharldes,  and  mauy  others;  it  may  occur  with 
extensive  lesions  of  the  skin  and  after  exposure  to  cold.  In  the  acute 
nephritis  following  extensive  burns,  exposure  te  cold,  etc.,  it  is  probable 
that  the  poisonous  products  of  abnormal  body-cell  metabolism  are  the  - 
direct  excitants. 

Bacteria  may  be  eliminated  from  the  body  through  the  kidney  some- 
times without  inducing  lesions  which  are  demonstrable  with  our  present 
technique.'  The  following  bacteria  have  been  found  by  numerous  ob- 
ser^'crs  iu  the  kidney  and  in  the  urine,  iu  acute  diffuse  nephritis:  the 
typhoid  bacillus,  pneumococcus,  streptococcus  and  staphylococcus,  the 
colon  bacillus,  and  others.  The  Plasmodium  malarite  may  be  present  in 
the  kidney  in  large  numbers.'  To  what  extent  the  kidney  lesions  are  due 
to  the  presence  of  these  organisms  themselves  and  to  what  extent  to  elimi- 
nated toxins  is  not  yet  clear, 

FeTBiatent  and  Advancing  ZieaionB  following'  Acute  DiAiBO  ITephritu. 

If  we  follow  the  alteratioos  which  tlie  kidney  ij 
dergo,  if  resolutioD  do  Dot  occur,  but  tbe  process 


S.  390.— DirFCEE  NKriiRrns. 

na  aruw  tfp«,    Not«  ibe  tonnatioii  of  >  pMcb  at  detm  tbrooi  tls- 
eniLi  and  atrophy  ulIh«lubuL(B. 

three  structural  units  of  the  kidney,  the  glomeruli,  the  tubiileB,  and  the  Interstitial  tissue 
with  the  blood -Tcssels,  important  clianges  talte  place  which  often  lead  to  slight  or  to 

I  See  Biedl  and  Krim.  Arch.  f.  Exp.  Path,  u,  Phar.,  Bd.  xxxvii,,  p.  1,  1896.  bibli- 
ography; also  V.  Kkcki.  ibid.,  Bd.  xxxix.,  p.  173,  1887;  also  BUtminn,  Deut.  Arch,  t 
klin.  Jled.,  Bd.  liii.,  p.  333.  1884.  Sec  also  rpferencca  pages  163  and  624. 

'  For  a  study  of  malarial  nephritis,  see  Thayer,  Am.  .Tour.  Med.  Sciences,  vol.  cxtI., 
p.  560.  1898. 

Sec  for  the  study  of  a  case  of  acute  malarial  nephritis  with  large  numbers  of  para* 
Biles  in  the  kidney,  fez-inj,  Trans  Assn.  Am.  Phys.,  vol.  xvi.,  1901. 
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marked  deformities  of  the  organ,  and  to  sucli  minut«  changes  as  are  in  fact  charac- 
teristic of  what  nc  are  wont  to  call  chronic  diffuse  nephritis. 

The  capillaries  of  the  tufta  may  become  imrtly  or  wiioliy  obliteraied  by  a  gradual 
thickening  of  their  walls  and  an  increase  of  the  connective  tissue  iKtwecu  them,  wliile 
at  the  same  time  Bowman's  capsule  is  tbickeucd  and  contracts  upon  the  altered  tuft 
(Fig.  390)  with  which  it  may  unite  so  tliat  the  glomerulus  may  finally  be  represented 
by  a  small,  dense  spheroidal  mass  of  f  brous  tissue  <Fig.  891 ). 

The  interstitial  tissue  of  tlie  kidney  may  be  increased  in  patches,  moat  often  at  first 
near  the  glomeruli  or  along  the  interlobular  veins.  Tliis  tissue  may  at  first  be  quite 
cellular,  resembling  a  collection  of  small  spheroidal  cells  or  larger  potyliedral  cells. 
among  wbich  new  fibrillar  stnima  may  develop;  or  there  maybe  a  more  diffuse  iu- 
le  cells  and  stroma.  As  this  new-formed  fibrous  tissue  grows 
I,  the  tubules  which  it  encloses  are  atrophied,  the  epithelium 
may  undergo  fatty  degeneration  and  peel  off  or  become 
flattened,  casts  may  be  present  in  tbe  narrowed  lumen 
and  tlie  tubules  may  at  last  be  represented  by  a  small 
cluster  of  fiatteiied  cells  witliout  distinct  tubular  structure. 
or  they  may  disappear  altogether  (Fig.  300),  Such  islets 
or  masses  of  new-fonned  fibrous  tissue  enclosing  variously 
altered  and  atrophied  remnants  of  glomeruli  and  tubules 
vary  greatly  in  size  and  usually  merge  gradually  into  less 
altered  kidney  tissue,  Wiien  they  are  formed  near  (he 
surface  of  the  kidney,  the  stirinkage  of  the  fibrous  tissue, 
wbieh  is  continuous  with  the  inner  layers  of  tlie  capsule, 
may  draw  the  surface  inward,  leaving  between  tlie  irregu- 
lar depressions  tlie  areas  of  less  altered,  or  otherwise  al- 
tered, kidney  tissue  somewhat  projecting  in  irregular 
knobs  or  granules.  Thus  arise  the  granular  surface  and 
"°'  the  otlliesion  of  the  capsule  wbieh  are  frequent  in  some 

The  tuft  b  converted  Into  a      forms  of  persistent  diffuse  nephritis, 
dense  min  ot  flbroiiB  (Mue.  j^  (,,g  p^^ts  of  the  kidney  less  involved,  or  not  at  all 

involved  in  the  production  of  new  fibrons  tissue,  the  tu- 
bules may  undergo  marked  alterations.  Thus  the  epithelium  may  be  swollen  and 
coarsely  granular  or  fatty ;  it  may  become  necrotic  so  that  the  nucleus  fails  to  stain ; 
It  may.  when  necrotic  or  degeneraieil,  peel  off  or  disintegrate  so  that  the  tubules  may 
be  extensively  denuded.  On  the  other  hand,  tbe  epithelium  may  remain  in  position 
but  be  much  thinner  tliau  normal,  while  the  lumen  is  largely  dilated.  This  may  lake 
place  by  the  blocking  of  the  tubules  below  by  desquamated  cells  or  by  compression 
of  new-formed  interstitial  tissue.  The  whole  tubule,  not  merely  the  lumen,  may  be  di- 
lated and  irregular  in  shape,  with  well-preserved  or  fatty  or  otherwise  altered  epithe- 
lium.   Casts  of  various  forms  may  be  present. 

Chronic  Diffube  Nepheitis. 

Oeneral  ConiideratioiiH. — We  have  seen  that  when  the  infiammatory 
process  in  the  kidneys,  at  first  acute,  is  protracted,  both  the  degenerative 
and  the  productive  lesions  may  become  more  marked  and  extensive. 
Thus  with  a  preponderance  now  of  the  interstitial  alterations  and  again 
of  the  degenerative  or  other  changes  in  the  parenchyma,  the  kidneys  in 
a  condition  of  chronic  diffuse  nephritis  may  present  a  considerable  va- 
riety in  gross  as  well  as  microscopical  appearance.  They  are  sometimes 
larger  than  normal,  as  is  often  Uiough  not  always  the  case  when  the  par- 
euch^ina  is  more  conspicuously  involved ;  or  smaller,  as  is  usual  when 
the  interstitial  lesious  are  widespread  or  advanced. 
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Although  there  is  no  sharp  Hue  of  separatiou,  either  clinical  or  mor- 
phological, to  be  drawn  between  acute  aud  chronic  diffuse  nephritis,  it 
is  convenient  to  group  kiduey  lesions  iu  this  way  with  the  understaudiug 
that  many  intermediate  forms  exist,  as  must  be  the  case,  since,  as  we 
have  seen,  acute  nephritis  may  pass  gradually  into  the  chronic  form. 

While  acute  diffuse  nephritis  may  be  followed  by  the  alterations 
which  have  just  been  summarized  and  which  are  charaeteristic  of  certain 
phases  of  chronic  diffuse  nephritis,  the  latter  process,  it  should  be  remt^m 
bered,  is  by  no  meaus  always  or  usually  preceded  by  an  acute  form  of  in- 
flammation. 

In  some  phases  of  chronic  diffuse  nephritis,  although  interstitial 
alterations  are  present,  the  lesious  of  the  tubules  may  be  the  most  prom- 
lueut  feature;  thus  albuminous  aud  fatty  degeneration,  disintegration, 
flattening  and  peeling  of  the  epithelium,  the  formation  of  casts,  the  dila- 
tation of  the  tubules,  etc.,  may  be  most  conspicuous.  In  another  mor- 
phological group  of  kidneys  in  chronic  diffuse  nephritis,  while  there  are 
many  alterations  in  the  tubules,  the  most  marked  change  is  the  increase 
in  amount  and  the  subsequent  contraction  of  the  interstitial  fibrous  tissue 
with  atrophy  of  the  tubules  and  glomeruli  and  the  consequent  diminu- 
tion in  size  and  alteration  iu  shape  and  consistence  of  the  oi^n.  Be- 
tween these  extremes  of  lesion  there  are  all  intermediate  forms,  in 
kidneys  which  are  lai^er  than  normal,  of  nomial  size,  or  smaller  than 
normal. 

In  endeavoring  to  classify  or  group  the  lesions  in  chronic  diffuse 
nephritis,  one  encounters  difSculties  similar  to  those  which  beset  a  like 
attempt  in  the  acute  forms  of  renal  inflammation.  But  the  difSculties  are 
enhanced  in  the  former  case  by  the  fact  that  the  conditions  under  which 
the  lesions  develop  are  far  more  diverse  and  variable  and  at  the  same 
time  are  often  much  more  obscure. 

If  we  leave  out  of  sight  for  the  moment  the  conditions  under  which 
chronic  diffuse  nephritis  may  arise  and  the  direct  excitants  which  with 
more  or  less  certainty  can  be  fixed  upon  as  important  and  confine  our 
attention  to  morphologj',  it  is  at  least  convenient  to  place  in  one  group 
as  above  indicated  kidneys  in  which,  while  tliere  may  be  important 
changes  in  the  glomeruli  and  in  the  interstitial  tissue,  the  most  marked 
lesions  are  in  the  titbuiar  epithelium.  This  may  conveniently  be  called  the 
parenchymatmui  or  degenerative  type  of  chronic  diffuse  nephritiH. 

On  the  other  hand,  there  is  another  large  and  important  class  of  kid- 
neys which  are  characterized  morphologically  by  a  relatively  prominent 
increase  in  the  amount  of  inlerstitial  fibrous  tissue  with  associated  destruc- 
tion by  atrophy  or  otherwise  of  the  tubular  structures.  This  may  be 
called  the  interstitial  type  of  chronic  diffuse  nephritis. 

In  considering  this  in  many  respects  artificial  grouping  of  persistent 
inflammatory  kidney  lesions,  it  should  be  remembered  that  while  the 
parenehymatons  and  the  interstitial  types  of  lesion  may  originate  as  such 
and  so  persist,  the  lesion  of  the  parenchymatous  type  may,  as  the  disease 
progresses,  assume  the  characters  of  the  interstitial  form. 
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Paxencbymatoiu  Type  of  Chronic  Diffuse  Nephritii.— This  may  originate 
in  au  acute  diffuse  nephritis  but  more  frequently  develops  independently 
of  this.  As  in  other  forms  of  diffuse  nephritis,  the  tubules,  the  glom- 
eruli, and  the  interstitial  tissue  are  more  or  less  involved.  The  lesions 
are  most  marked  in  the  cortex  (Fig.  a92),  and  here  the  epitheliimi  may 


7ia.  3Se.— Chronic  Diffcbk  NiPHRitia— Pikihchtiiatijus  Tips. 
At  Ibe  left  [s  s  band  of  new-ronnrd  Bbrniu  tissue  wlib  BCroptir  of  tubule*  snil  swelling  and  piulifera- 
tlDD  Of  Itaerapsule  cells:  in  theoPtilnl  portions  the  tubulsr  epIttaelluiD  Is  dlsinieKratiDg  at  Uie  edges.  wUle 
M  tbe  rlEM  tbe  lumiaa  ot  Ibe  tubules  are  dilated,  wilb  flatleulDg  ol  tbe  eplUiellum. 

be  swollen  and  coarsely  granular  or  is  often  fatty.  Droplets  of  clear 
fluid  may  form  within  the  epithelium — so-called  "\'acuoles."  Tbe  epi- 
thelium may  be  flattened  or  it  may  peel  off  or  disintegrate  and  the  cells 
and  cell  detritus  together  with  leucocytes,  red  blood  cells,  and  casts  may 
collect  in  the  irregular  and  often  widened  lumina.  The  casts  may  be 
hyaline  or  granular  or  epithelial,  or  they  maybe  covered  with  leucocytes 
or  red  blood  cells.  In  the  glomeruli,  the  tuft  and  capsule  cells  may 
swell  and  proliferate  aud  peel  off  (Fig.  393) ;  albuminous  fluid  which  in 
specimens  hardened  in  alcohol  is  represented  by  a  granular  precipitate 
may  be  present  in  the  intracapsular  space  and  in  the  tubules.  The  in- 
tei-stitial  tissue  may  be  increased  in  amount,  usually  in  circumscribed  re- 
gions, aud  here  the  euclo,sed  tubules  are  atrophied.  Not  infrequently, 
more  or  less  extensive  hjcinorrbagea  occur. 

If  tbe  disease  have  been  of  long  standing  the  new-formed  interstitial 
tissue  may  be  present  in  considerable  amount  with  much  destruction  of 
the  tubulfes.  The  glomeruli  may  be  compromised  by  the  thickening  of 
Bowman's  capsule  and  the  obliteration  of  tbe  capillaries,  so  that  at  length 
the  tuft  and  capsule  may  fuse  and  the  glomeruli  may  be  represented  by 
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dense  fibrous  nodules  (Fig.  391).  The  growth  of  interstitial  tissue  in 
patches  may,  when  near  the  surface  of  tbe  oi^an,  bind  the  capsule  to  the 
kidney  so  that  in  its  removal  small  masses  of  the  pareuchyma  may  be 
stripped  off,  leaving  a  rough  surface  on  which  grayish  depressed  areas, 
correspondiug  to  the  iuterstitial  growth,  are  intermingled  with  more  pro- 
jecting light  or  yellowish  portions,  lu  which  albnmiuous  or  fatty  d^en- 
eratiou  of  the  tubular  epitheliuu)  may  be  marked  aud  extensive.  Very 
often  the  new  fibrous  tissue  develops  along  the  course  of  th§  interlobular 
vessels  so  that  cylindrical  or  narrow,  wedge-shaped  areas  are  affected,  ex- 
tending inward  from  the  capsule  (Fig.  394).  Amyloid  degeneration  in- 
volving the  capillary  tufts,  tbe  vasa  recta,  and  the  lai^er  arterial  tmnk 
is  common. 

Such  kidneys  as  have  just  been  described  present  varj'ing  gross  ap- 
pearances which  are  dependent  upon  the  character,  extent,  and  distribu- 


Fio.  3(S.— CHHONic  DirprsE  Nephritis. 

Bbowlns  gwelllnfc  of  tuft  aad  cspeule  epKbelium :  nauenlng  ol  tbe  tubular  epltbellum  and  Blight  Increaie 

In  Ue  lDt«ratlliiil  liaiue. 

tion  of  the  lesions.  Some  are  larger  than  normal  with  a  thickened  whit- 
ish or  yellowish  cortex.  These  are  often  called  large  trkUe  Jiidnej/s.  But 
kidneys  with  essentially  similar  lesions  are  not  always  large,  are  often 
nearlynormal  in  appearance,  or  may  be  smaller  and  withacortex  thinner 
than  normal.     If  hiemorrhage  into  the  tubules  or  interstitial  tissue  be  a 
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marked  feature  of  the  lesioa,  the  cortex  may  be  reddish  or  motUed  red 
and  yellow.     Such  are  the  so-called  large  red  kidneys. 

Ai-terio-sclerosis  aud  cardiac  hypertrophy  frequently  accompany  this 
type  of  kiduey  lesion, 

InterBtitial  Type  of  Chronic  Sifiiue  Nephritis. — The  iy^  of  chronic  dif- 
fuse nephritis  in  which  the  growth  of  interstitial  tissue  is  conspicuous, 
which  may  be  called  the  interstitial  or  indurative  type,  apparently  some- 
times .represents  a  later  phase  of  the  parenchymatous  type;  or  it  may  re- 
sult from  chronic  congestion,  or  be  associated  with  arterio-sclerosis ;  but 
it   appears   to   be  more  fre- 
quently an  independent  proc- 
ess.    As  the  new  interstitial 
tissue   which    is    formed    in 
patches   or  streaks  or   large 
masses  gradually  becomes  less 
cellular,    more     dense,     and 
shrinks,     the     kidneys     are 
usually  smaller  than  normal 
and,  owing  to  the  uneven  dis- 
tribution of  the  lesion,  rough 
upon  the  surface  when    the 
thickened  and  adherent  cap- 
snle    is    stiipped    oflF.      The 
areas  of  the  cortex  in  which 
the    fibrous    tissue    is   most 
abundant     ( Fig.     395 )     are 
grayish  or  translucent  and  de- 
pressed, while  the  parenchy- 
ma between,  often  fatty,  pro- 
jects  as    yellowish    rounded 
knobs  or  granules.     This  con- 
dition is  therefore  sometimes 
spoken  of' as  "granular  atro- 
phy," and  such  kidneys   are 
often   called   "granular  kid- 
neys "     or    "atrophied    kid- 
uej-s. "    The  tissue  is  firm  and 
resistant  to  the  knife;  and  on  section  the  cortex  is  seen  to  be  in  general 
thinned,  often  extremely  so,  some  portions  being  much  more  atrophied 
than  others.     Cjsts  of  various  sizes  may  be  formed  from  dilatation  and 
coalescence  of  tubules.     The  cortex  is  usnally  more  involved  than  the 
medulla.    The  fat  with  which  the  kidney  is  surrounded  is  often  largely 
increased. 

On  microscopical  examination  the  new-formed  interstitial  tissue  is 
sometimes  in  patches  (Fig.  396)  or  streaks  along  the  course  of  the  in- 
terlobular vessels,  with  less  affected  regions  between  them.  In  these 
fibrous  portions  there  may  he  flattening  of  the  epithelium  and  various  de- 
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t«DdiDS  Inward  from  tbe  eapaule  ot  tbe  lildae 
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grees  of  atrophy  or  complete  destruction  of  the  epithelium  and  the  tu- 
bules. Betweeu  these  fibrous  regious,  little  altered  tubules  may  be  pres- 
ent or  those  with  gi-anular  aud  fatty  degeneration,  exfoliation,  aud  dis- 
integration of  the  epithelium.  Various  forms  of  casts  may  be  pi-esent  in 
the  tubules;  the  epithelium  may  be  flattened  with  enlai^ement  of  the 
lumen.  The  glomeruli  are  variously  altered;  thus  there  may  t>e  thicken- 
ing of  the  capillary  walls  and  of  Bowman's  capsule  {Fig.  397),  increase 
and  exfoliation  of  the  tuft  and  capsular  epithelium,  or  a  more  or  less 
complete  convei-siou  of  the  glomerulus  into  a  knob  of  dense  fibrous  tissue, 


Fio.  aas.— CHRo.Mc  Dirrrsi  niphrihs- 

Tbe  npaille  la  tblFbeiiHl  and  HdliereaU  esperlnllr  lo  tbe  itense  muM  of  abrDus  tlHue  b[  Uk  letl  ol  the 
•ectlon  la  wbli^h  Uie  tubules  are  iireally  atrophied.  At  the  rl^ht  the  psrenchynia  li  less  atrophied,  hut  bent 
tbH  lumlpa  of  the  tubule  are  cUlaled.  the  epIthelluiD  Is  degeneratlni;  and  Pattened. 

In  advanced  phases  of  the  lesion  the  kidney  may  be  very  small ;  then 
a  large  part  of  the  tissue  is  involved ;  and  while  the  atrophy  is  always 
more  marked  in  some  places  than  in  others,  it  is  often  difQcnlt  to  find 
any  normal  structural  elements. 

Fibrous  thickening  of  the  walls  of  the  arteries  and  veins  of  the  kid- 
neys is  usual  in  this  type  of  chronic  diffuse  nephritis  (Fig.  398). 
Amyloid  degeneration  of  the  veasels  is  not  infrequent.  The  heart  is 
often  greatly  hypertrophied  and  general  arterio-sclerosis  is  common. 

Variations  in  Type  in  Chronic  Difinie  Kephritii.— There  are  many  vari- 
ants in  the  two  types  of  chronic  diffuse  nephritis  which  we  have  briefly 
described.  It  is  possible  to  indicate  in  a  general  way  moi-phological 
appearances  which  are  frequently  present  and  more  or  less  character- 
istic of  each  of  the  variants  when  the  kidney  lesions  occur  in  connection 
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with  either  gout  or  chronic  visceral  congestion  or  arterio-scleroeis  or 
syphilis.     Bnt  these  variationa  in  form  cannot  be  further  considered  here. 


tia.  80*.— CHRONIC  DlH 


The  diverse  appearances  which  the  kidneys  present  in  chronic  diffuse 
nephritis  are,  as  we  have  seen,  largely  due  to  variations  iu  local  aud  gen- 
eral tissue  vulnerability  or  to  the  rapidity  and  to  the  st^e  of  develop- 
ment of  the  lesions  as  well  as  to  the  nature  of  the  excitant^'.     But  acute 


Fifi.  397.— Chbokic  txrpt'si 
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inflammatory  processes  not  infrequently  supervene  in  kidneys  which  are 
tlie  seat  of  slowly  developed  chronic  processes;  so  that  lesions  typical  of 
both  acute  and  chrODic  nephritisareuot  infrequently  associated.  Finally 
it  is  evident  that  the  grouping  of  the  kidneys  in  chronic  difl'use  nephritis 
in  accordance  with  the  structural  elements  of  the  organ  most  conspicu- 
ously involved  is  essentially  artificial,  since  this  in  many  cases  is  simply 
an  iudication  of  the  period  of  the  disease  at  which  the  x>atient  died. 

The  Excitants  of  Chronic  Diffiue  NephritiB. — The  conditions  uuder  which 
chronic  diffuse  nephritis  occurs  are  most  diverse.     Thus,  judging  from 
the  clinical  history,  it  may  he  a  primary  process;  it  may  follow  infec- 
tious diseases  either  with  or  without  a  pre^ions  acute  nephritis;  it  is  not 
infrequently  associated  with  gout  and  syphilis,  with  lead  poisoning,  with 
excessive  use  of  alcohol,  with  arterio-scleroais,  with  general  chronic  con- 
gestion   of   the   viscera,    with   chronic 
suppurative  and  tuberculous  processes, 
and  appears  in  many  cases  to  develop 
under  the  influence  of  dietetic  excesses 
and    protracted    gastro-intestinal  d  i  s  - 
orders.      The   nature   of  the  excitants 
under  these  \'arious  conditions  is  most 
obscure.     Although  in  gout,  lead  poison- 
ing, alcoholism,   ete.,  a    fairly  definite 
inciting  toxic  agency  may  be  assumed, 
the  exact  mode  of  action   of  such  ex- 
trinsic  or    intrinsic   poisons   is  almost 
wholly  unknown.     In  regard  to   other 

excitants  of  chronic   diffuse   nephritis,      J^,f^~f"''l^"^i^'^^^o"'Ki^s^ 
the  prevalent  ^iews  as  to  the  impor-     wnn  chronic  dl^fcsb  nbphbitib, 
tance  of  disturbed   metabolism   in    the 

body  which  may  lead  to  the  excretion  of  abnormal  harmful  products 
favor  the  conjecture  that  in  many  cases  at  least  both  the  degenerative 
and  the  productive  processes  may  t>e  the  marks  of  a  persistent  auto- 
intoxication. 

The  relationship  between  arterio-selerosis  and  chronic  kidney  lesions 
is  not  clear.  Kor  is  it  certain,  assuming  the  initial  importance  of  ob- 
structive vascular  lesions,  whether  the  new  formation  of  fibrous  tissue 
should  be  regarded  as  a  primary  productive  inflammation  or  as  replace- 
ment hyperplasia  secondary  to  epithelial  degeneration  and  tubular 
atrophy. 

It  should  be  remembered  that  in  most  cases  the  lesions  of  chronic 
diffuse  nephritis  are  uot  independent,  bat  are  usually  associated  with 
those  of  other  viscera.  The  significance  of  this  association  varies  greatly. 
While  the  kidney  lesions  may  be  i>rimary  they  are  very  often  secondary 
to  other  viscei-al  abnormalities,  or  the  whole  series  of  lesions  may  be  de- 
pendent upon  a  common  known  or  unknown  etiological  factor. ' 
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Tuberculous  Nephritis. 


Miliary  tubercles  may  be  present  in  the  kidney  in  general  acute  mili- 
ary tuberculosis  or  ia  a  localized  tuberculous  inflanmiatiou  which  is  most 
marked  elsewhere.  Renal  tuberculosis  is,  however,  most  often  associated 
with  tuberculous  processes  in  other  parts  of  the  genitourinary  tract.     It 


Pis.  Sm.— Tfbercl'lol's  Nephritis. 

is  not  infrequently  pi-iinary  in  the  kidney  and  then  is  often  unilateral.  If 
only  one  kidney  be  involved  the  other  may  become  the  seat  of  chronio 
diffuse  nephritis  with  waxy  degeneration  of  the  walls  of  the  arteries. 
Tuberculous  inflammation  may  occur  in  a  kidney  already  the  seat  of 
chronic  inflammatory  changes. 

The  process  is  apt  to  begin  in  the  mucous  membrane  of  the  pelvis  and 
calyces,  and  extends  from  thence  first  to  the  pyramidal  and  afterward  to 
the  cortical  portion  of  the  kidney.  In  the  mucous  membrane  of  the 
pelvis  and  calyces  there  is  a  growth  of  new  cellular  tissue  studded  with 
tubercle  granula;  while  the  epithelial  cells  proliferate,  become  deformed, 
and  desquamate.  This  process  is  often  soon  followed  by  cheesy  degen- 
eration of  the  inflammatory  products.  Similar  changes  occur  in  the 
kidney  which  may  become  extensively  involved  and  lai^ely  destroyed. 
The  portions  of  the  oi^n  which  do  not  share  directly  in  the  tuberculous 
process  often  develop  lesions  of  the  interstitial  type  of  chronic  diffuse 
nephritis  or  of  HUppuration,  Thus  the  kidney  may  become  hollowed  out 
into  a  series  of  ragged  cavities  with  caseous  and  disintegrating  walls 
(Fig.  399).  Sometimes  the  process  comes  to  a  standstill,  and  then  the 
caseous  portions  nmy  be  infiltrated  with  salts  of  lime. ' 

'  For  a  stuiJy  of  diffuse  renal  tubtrculoais  see  lleyn,  Vircli.  Arch.,  Bd.  clxv.,  p.  43. 
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Syphilitic  Isflammation. 


Gummata  of  the  kidney  are  of  occasional  oceurremce.  A  close  rela- 
tionBhip  betweeu  syphilitic  arteritis  and  atrophied  forms  of  chronio  dif- 
fuse nephritis  seems  probable. ' 

SUFPUKATIVE  PYELITIS  AND  PTELO-NEPHBITIS. 

Snppnrative  Pyelitis  is  ofteu  associated  with  siippuratiou  of  the  kid- 
ney substance,  more  frequently,  with  a  similar  process  in  the  bladder  or 
ureters.  But  it  may  occur  by  itself.  It  is  incited  by  the  same  micro- 
oi^uisms  as  are  concerned  in  the  induction  of  the  associated  lesions  in 
the  kidney  and  bladder ;  in  the  latter  case,  It  is  most  ofteu  the  Bacillus 
col i  communis,  the  Streptococcus  pyogenes,  and  Staphylococcus  pyogenes. 

The  mucous  membrane  of  the  pelvis  may  be  congested,  thicker  and 
more  opaque  than  normal,  and  coated  with  pua  or  with  patches  of  fibrin. 
The  presence  of  pelvic  calcidi  is  to  be  regarded  as  a  predisposing  rather 
than  as  a  direct  inciting  agent  in  suppurative  pyelitis. 

Suppurative  Ureteritis. — The  conditions  under  which  suppurative  in- 
flanmiation  of  the  ureter  occurs  are  similar,  as  is  the  general  appearance 
of  its  mucous  membrane,  to  those  just  indicated  in  the  pelvis. 


Fio.  400.— CHHOMC  PVELO-NKPHniTlS. 

SbowlDg  dllaiallon  ot  tbe  pelvis  and  ralycea. 

SnpporatlTe  Pyelo-Nephritia  with  Cystitis. — In  this  association  of  lesions 
of  the  bladder  and  kidneys,  which  is  usually  initiated  by  the  inflamma- 
tion of  the  bladder,  the  affection  of  the  kidneys  is  commonly  bilateral. 
The  suppurative  areas  in  the  kidney  may  be  in  the  form  of  small  ab- 
scesses scattered  through  the  kidneys,  or  in  the  form  of  elongated  whitish 
streaks  or  wedges  betweeu  the  tubules  (see  Fig.  384).  The  purulent  foci 
are  often  surrounded  by  a  red  zone  of  congestion. 

'  Fov  bibliography  sec  Jie/.imin:  Gfiz.  U.  Hopilaux,  May  12th,  1900. 
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The  kiduey  tissue  in  the  viciuity  of  the  abscesses  may  be  necrotic,  the 
oatliues  of  the  cells  being  preserved  but  their  uaclei  abseut  or  not  re- 
vealed by  the  usual  staining  agents. 

Tbe  infective  ^ent  may  traverse  the  ureters  in  passing  from  the 
inflamed  bladder  to  tbe  kidneys,  leaving  the  mncous  membrane  of  the 
ureter  intact. 

Chronic  Pyelo-Nephritii. — Chronic  cystitis  or  calculi  in  tbe  pelvis  of 
the  kidiieys  may  set  up  a  chronic  inflammation  which  involves  both  tbe 
pelvis  and  calyces  and  the  kidney  tissue.  The  mucous  membrane  of  the 
pelvis  and  calyces  is  thick- 
ened, the  epithelial  layer 
is  changed,  the-re  is  a 
growth  of  granulation  tis- 
sue beneath  the  epitheli- 
um, and  there  may  belittle 
polypoid  outgrowths.  The 
surface  of  the  mucous 
membrane  is  coated  with 
pus  or  flbrin,  or  the  canity 
of  the  pelvis  and  calyces 
are  dilated  and  distended 
with  purulent  senun  (Fig. 
400). 

The  kidney  Itself  is  the 
seat  of  a  chronic  inter- 
stitial inflammation  with 
the  production  of  new  con- 
nective tissue,  and  some- 
times of  pus,  with  oblitera- 
tion of  the  renal  tubules. 

KYDBONBPHBOSIS. 

Dilatation  of  the  pelvis 
and  calyces  of  the  kidneys 
may  be  congenital  and  may 
be    associated  with    other 
malformations.      The  pel- 
ves and  calyces  of  both  kidneys,  and  the  ureters,  are  distended  with 
urine ;  the  bladder  may  be  also  distended  and  its  wall  hypertrophied. 
The  urethra  may  be  closed,  or  no  obstruction  can  be  demonstrated. 

In  adults  hydronephrosis  may  follow  mechanical  obstruction  of  the 
urethra  or  ureters  (Fig.  401).  from  inflammation,  tumors,  or  calculi. 
According  to  the  position  of  the  obstruction,  either  one  or  both  kidneys 
are  involved. 

The  pelvis  and  calyces  are  dilated,  sometimes  enormously,  and  filled 
with  urine  alone  or  urine  mixed  with  pus.  The  kidney  tissue  is  flat- 
tened and  thinned  over  the  distended  cavities.     Its  texture  may  remain 


FlO.  4D1.— Btdbohipkrosm. 
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unchanged,  or  there  may  be  developed  suppurative  pyelonephritis  or 
chronic  diffuse  nephritis. 

PEBINEPHBinO  SUPPintATION. 

The  loose  connective  tissue  about  the  kidney  may  become  the  seat  of 
suppurative  inflammation.  This  may  follow  mechanical  injury  or  may 
be  secondary  to  suppurative  or  other  inflammatory  processes,  such  as 
caries  of  the  spine,  empyema,  pelvic  cellulitis,  puerperal  parametritis, 
perityphlitis,  and  suppurative  nephritis.  It  may  be  associated  with 
acute  infectious  diseases  in  children.  The  suppuration  may  extend  back- 
ward throi^h  the  muscles;  downward  into  the  iliac  fossa,  the  perineum, 
the  bladder,  the  scrotum,  or  the  vagina ;  forward  into  the  peritoneal  cav- 
ity or  the  colon ;  or  upward  through  the  diaphragm. 

The  kidney  itself  may  be  simply  compressed  by  the  abscess  or  be- 
come involved  in  the  suppurative  process. 

CT8TB  IN  THE  EIDHBTS. 

Cysts  ai'e  formed  in  the  kidneys  both  during  intrauterine  and  extra- 
nterine  life. 

Congenital  Cystic  Kidneys  are  often  striking  objects.  Either  one  or 
both  kidneys  may  be  greatly 
enlarged  and  converted  into  a 
mass  of  cysts  (Fig.  402).  The 
tysts  are  of  various  sizes  and 
are  separated  from  each  other 
by  librou8"8epta  or  compressed 
kidney  tissue.  They  may  con- 
tain a  clear  yellow,  acid  fluid 
holding  in  solution  the  urinary 
salts;  or  the  fluid  isturbid  and 
brown,  and  contains  blood, 
uric-acid  crystals,  and  choles- 
terin.  The  cysts  are  often 
lined  with  asiugle  layer  of  flat, 
polygonal  cells.  Some  of  them 
seem  to  be  formed  by  a  dilata- 
tion of  the  tubules  and  of  the 
capsules  of  the  ^lalpighiaii 
bodies.  As  cause.s  for  such 
dilatations  there  may  be  found 
obliteration  of  the  tubes  iu  Hie 
papillfe,  and  stenosis  of  the 
pelvis,  ureters,  bladder,  or  ure- 
thra. Other  congenital  mal- 
formations are  often  associated 

with  this.  ^"^  W^—OONO «»"*!•  Cvsric  KId.si>. 

OdIj  <r«i7  small  ponlans  of  Uw  ktdoer  Uasua  remain. 
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Adnlt  may  be  single  aud  occur  iii  otherwise  uornial  orgaiis.  There  may 
be  one  or  more  cysts  filled  with  clear  or  browu  sernm  or  gelatinous 
material  (Pig.  403),  These  cysts  do  not  apx>ear  to  interfere  with  the 
function  of  the  kidneys. 

In  chronic  diffuse  nephritis,  especially  in  the  atrophic  form,  groups 


of  tubes  may  be  dilat«d.  Apparently  one  or  more  of  the  larger  tubes 
in  the  pyramids  is  obstructed,  aud  this  causes  dilatation  of  a  correspond- 
ing group  of  tubes.  Such  a  dilatation  may  be  moderate  in  size,  or  it 
may  form  cysts  visible  to  the  naked  eye.  Occasionally  both  kidneys  are 
very  much  enlarged  and  converted  into  a  mass  of  cysts  containing  clear 
or  colored  serum  or  gelatinous  material.  The  nature  of  these  cysts  is 
uncertain :  they  may  be  congenital.  They  are  sometimes  associated  with 
similar  cysts  in  the  liver. ' 

Small  multiple  cysts  of  the  ureter,  lined  witb  flattened  or  onboidal 
epithelitun,  are  of  occasional  occurrence,  and  may  be  associated  with  sim- 
ilar cysts  jn  the  pelvis  of  the  kidney.  Such  cysts  iu  the  ureter  may  be 
pedunculated. ' 

'  For  a  study  of  cystic  kitlDey  witli  cxteoslvc  bibliography  see  Rite/iie.  Jjabontory 
Reports,  Royul  Collogu  of  Physicians,  Edlnburj^li,  vol.  iv. 

Torn  resume  ot  c^sts  of  the  ureter  with  bibliography  see  HarrU,  Am,  Med,.  May 
8d,  1002.  ,   .      -   ■-■■ 
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In  the  kidneys  of  uew-bora  children,  from  the  first  to  the  fonrteeuth 
day  after  birth,  the  large  tubes  of  the  pyramids  often  contain  small, 
bro^mish,  rounded  bodies  composed  of  the  urates  of  ammoninm  and  so- 
dium. Similar  masses  may  also  be  present  in  the  calyces  and  pelves. 
In  still-born  children  these  masses  are  usually  absent.  The  carbonate 
and  phosphate  of  lime  may  be  deposited  in  the  tubes  of  the  pyramids,  in 
the  form  of  white  linear  m^^ses,  in  the  kidneys  of  old  i>ersouB  and  of 
those  who  have  suffered  from  destructive  diseases  of  the  boiies. 

Urate  of  soda  in  the  form  of  a«icular  crj-stala  is  deposited  both  in  the 
tubes  and  stroma  of  the  kidneys  of  gouty  persons. 

Concretions  of  the  urinary  salts  are  often  formed  in  the  pelves  of  the 
kidneys.  They  may  remain  there  as  rounded  masses,  or  they  may  attain 
a  large  size  and  be  moulded  into  the  shape  of  the  pelvis  and  calyces. 
Smaller  calculi  may  pass  into  the  ureter  and  either  become  impacted 
there  or  pass  through  it  into  the  bladder.  The  most  common  form  of 
calculus  is  tliat  composed  of  uric  acid.  But  they  may  also  be  formed  of 
uric  acid  with  a  shell  of  oxalate  of 
lime,  or  of  oxalate  of  lime  alone,  or 
of  the  phosphates,  or  of  cystin. 

The  most  serious  result  of  the 
presence  of  these  calculi  is  the  oc- 
clusion of  the  ureters  or  the  incite- 
ment of  pyelo- nephritis. 


Small  fibromata,  lipomata,'  myo- 
mata,  and  .foigiomata  may  occur  in 
the  kidney  and  with  the  exception 
of  the  fibromata  are  most  common 
in  the  cortical  portion.  Papilloma 
may  form  in  the  mucous  membrane 
of  the  pelvis.  Sarcoma,  myxoiarcoma, 
and  endothelioma,  often  of  lai^e  size,  ^^^  401.-B1 
may  develop  in  the  kidney.     These  situated  in  tne  oorwi. 

tumors  are  frequently  soft  and  vas- 
cular and  are  prone  to  hiemorrhage.     Primary  sarcoma  of  the  kidney  is 
common  in  children.     Secondary  sarcoma  of  Hie  kidney  is  not  rare. 

Adenoma  is  of  fi'equent  occurrence  in  the  kidnej-s.  It  usually  origi- 
nates in  the  cortex  and  may  be  invisible  to  the  naked  eye  (Fig.  404),  or, 
in  the  form  of  a  well-defined,  circumscribed  nodule  (Figs.  405  and  406), 
it  may  invade  the  medulla  or  largely  replace  the  kidney.  The  adeno- 
mata are  usually  light  in  color  save  when  very  vascular  with  hsemor- 

'  See  for  studies  and  bibliography  of  lipoma  Ulric/i.  Ziegler's  Beitr.  z.  path.  Anitt., 
Bd.  ivili.,  p.  603,  18S5;  alao  Mller.  Vircliow's  Arch.,  Bd.  cxiv.,  p.  339,  1896. 
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rbage,  and  the;  may  be  separated  from  the  kiduey  structure  by  a  fibrous 

capBule.     Such  tumors  are  uot  rare  iu  cbildreu.' 

There  are  two  principal  varieties  of  these  tnmors,  the  papillary  and 
the  alveolar,  which  are,  however, 
closely  related. 

1.  PttpiMary  Adenoma. — There 
are  cavities  of  different  sizes,  from 
the  walls  of  which  spring  branch- 
ing tufts  covered  with  cylindrical 
orcuboidal  epithelium  (Fig,  407). 
These  tufts  nearly  fill  the  canities. 

!  2.  AheoUtr  Adenoma. — There  is 

a  connective -tissue  framework  en- 
closing small  round,  oval,  or  tubu- 
lar alveoli,  lined  or  filled  with 
cells  (Fig.  409).  The  cells  are 
usually  large  and  may  be  cylindri- 
cal, cuboidal,  or  polyhedral,  and 
may  be  pigmented  in  a  manner 
similar  to  the  cells  of  the  adrenals. 
Fatty  degeneration  of  the  epi- 
thelium may  be  excessive  and 
glycogen  may  form  in  the  cells  of 
these  tumors.  The  stroma  may 
be  present  in  considerable  quan- 
tity, the  blood-vessels  may  form 
conspicuous  features,  or  a  cystic 
distention  of  the  al^'eoli  may 
occur.  Large  areas  may  become 
necrotic.     They  may  form  metas- 


Fia  KB.-. 

(Hrpenn^phrouiB.)  Many  of  thcsc  tumors  appear 

A  iiimor  of  ih<.  kidney  r|mniinimabemiii  adrenal      l^^  iia.ve  developed  from  adrenal 
cells  astray  in  the  kidneys,  and 
are  then  called  hypernephroma  (Figs.  405  and  408). 

The  relationship  between  true  adenoma  of  the  kiduey,  adenomata 
which  appeal"  to  develop  fi-om  strayed  adrenal  elements,  and  similar 
tumors  which  are  regardt'd  by  some  observers  as  eudotheliomata  or  endo- 
thelial sarcomata,  and  certain  forms  of  angiosarcoma,  is  not  yet  alto- 
gether clear. ' 

Primary  oaroinoma  of  the  kiduey  is  rare,  adenoma  being  frequently 
mistaken  for  it.     Secondary  carcinoma  is  not  infrequent." 

'iieeEngcH-fi>,  Zicgler's  Btitr.,  Bd.  xxvl.  p,  830.  18M,  bibliography. 

'For  a  study  of  Iiyperncpliroma  of  the  kidneysee  AVHy,  Phllft.  Med.  Jour,,  1898, 
vol.  ii.,  pp.  233,  383.  bflil.;  see  also  summary  by  Thorndike  and  Cunitingham.  Boslun 
Med.  and  Surg.  Jour.,  December  3d,  1908. 

'  For  &  careful  study  of  tumors  and  other  growths  In  tlic  kidoey 

"Renal  Growths."   1898,   bibliography:   also  references  '"    '"" 

chows  .\rch.,  Bd.  civii..  pp.  810.  377,  1898. 
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FABA8ITES. 


Eohinococcas,  in  its  ordinary  form  of  mother  and  daughter  oysts,  is 
sometimes  found  in  the  kidney.  The  cysts  may  ox>eu  into  the  pelvis  of 
tlie  kidney,  into  the  pleura,  or  through  the  wall  of  the  abdomen. 

Cyatioeroni  cellnloss  is  of  very  rare  occurrence.  Filftria  sangninis  homi- 
nii  is  found  in  the  arteries,  veins,  lymphatics,  and  stroma,  and  may 
pass  intti  the  urine.  Stron^lus  gigas  has  been  found  several  times  iu  the 
pelvis  of  the  kidney. 

The  Urinary  Bladder. 

HaUbrmatioiia. 

Absbncb  of  the  Bladdbb  is  of  rare  occurrence.  The  bladder  may  be  very  small, 
tlie  uriue  paasiug  almost  direclly  into  the  urellira.  The  bladder  may  be  aeparated  inu> 
au  upper  aud  a  tower  portion  by  a  circular  constriction.  It  uuy  be  completely  divided 
by  a  vertical  septum  into  two  lateral  portions.  Wverticula  of  tlie  wall  of  the  bladdei 
are  sometimes  foimd  iu  new-boni  children.  Partial  or  complete  closure  of  the  neck  of 
the  bladder  may  occur.  This  may  lead  to  hydronephrosis,  or  the  urine  may  be  dis- 
charged through  the  open  urachus. 

ExBTROVKRSioN  of  the  bladder  is  one  of  the  most  frequent  mal  formations,  and  may 
occur  in  cither  sex.     It  presents  several  varieties: 

1.  The  umbilicus  is  lower  down  than  usual,  the  pubic  bones  are  not  united  at  the 
symphysis,  the  pelvis  is  wider  aud  shallower  than  it  should  be.  Between  the  umbilicus 
and  pubes  the  abdominal  wall  is  wanting.  In  its  place  is  a  projecting,  ovoid  mass  of 
mucous  membrane,  in  which  may  be  seen  the  openings  of  the  ureters.  The  penis  is 
usually  rudimentary;  the  urethra  is  an  open  fissure  (epispadias):  the  clitoris  may  be 
separated  Into  two  halves.  The  ureters  usually  open  normally :  sometimes  their  open- 
ings are  displaced  or  are  multiple.     They  may  be  dilated. 

2.  There  may  be  a  fissure  In  the  abdominal  wall,  filled  up  by  the  perfectly  formed 
bladder. 

3.  The  umbilicus  may  be  well  formed,  and  there  is  a  portion  of  abdominal  wall 
between  it  and  the  exstrophied  bladder. 

4.  The  external  genitals  and  urethra  may  be  well  formed,  and  the  symphysis  pubis 
united,  while  only  the  bladder  is  fissured. 

5.  The  genitals,  urethra,  and  symphysis  may  be  well  formed,  the  bladder  closed 
eiceptat  the  upper  part  of  its  anterior  wall.  The  bladder  is  entirely  or  in  part  inverted 
and  pushed  through  the  opening  in  the  abdominal  wall. 

The  Ukachvs  normally  remains  as  a  very  small  canal,  9  to  7  cm.  long,  with 
a  small  opening  into  the  bladder,  or  entirely  closed  at  that  point.  If  there  is  a  congen- 
ital obstruction  to  the  flow  of  urine  through  the  urethra,  the  urachus  may  remain  open 
and  the  urine  pass  through  it.  Or  the  bladder  may  present,  even  in  the  adult,  a  slender 
dlatcnilou  reaching  close  to  the  umbilicus  as  the  result  of  a  persistent  urachus. 

Ohaugea  in  Size  luid  Poaitson. 

Dilatation.— This  may  be  general  or  partial,  leading  to  the  fonnation  of  dlver- 

Oeneral  dilatation  of  the  bladder  is  produced  by  the  accumulation  of  urine  in  con- 
sequence of  some  mechanical  obstacle  to  its  escape,  or  of  paralysis  of  the  muscular 
walls  of  the  orgau.  The  dilatation  is  traually  uniform  and  may  be  very  great,  so  that 
the  bladder  may  reach  to  the  umbilicus.    If  the  walls  of  the  bladder  are  paralyr-cd,  or 
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the  obatnictioD  occurs  Buddenly  or  Is  complete,  tbo  wall  of  the  bladder  Is  thinned. 
When  an  incomplete  obstruction  exists  for  some  time  the  walls  of  tLe  bladder  art  upt 
to  hypertrophy,  so  that,  although  the  bladder  is  larger  than  normal,  the  walla  may  uot 
only  be  of  the  usual  tliickness,  but  even 
very  much  thicker.  In  the  fstus  dila- 
tation of  the  bladder  may  reach  such  a 
size  as  to  interfere  witli  delivery. 

The  retained  uriue  in  dilated  blad- 
ders Is  liable  to  decomposition,  from 
the  presence  of  bacteria,  and  this  may 
lead  to  inflammation  or  gangrene  of 
the  mucous  membrane. 

Diverticula  of  tlie  bladder  may 
be  piuduced  by  the  pouchtn;;  out  of  cir- 
cumscribed portions  of  tlic  wall  of  the 
bladder,  t)>c  wall  of  the  pouch  cootaio- 
ing  all  the  layers  of  the  bladder  wall. 
More  frequently,  however,  they  are 
produced  by  a  protrusion  of  the  mu- 
cous membrane  between  bypertrophled 
bundles  of  muscle  fibre.  They  may 
be  very  small  (Fig.  411).  or  they  may 
be  as  large  aa  a  child's  head.  They 
may  communicate  with  the  bladder  by 
a  large  or  small  opening.  The  ilecom- 
posittoii  of  stagnant  urine  in  diverticu- 
la is  apt  to  induce  iotlammation.  Cal- 
culi may  be  fonned  iu  tliem  or  may 
slip  into  them  from  the  bladder. 

Htpbhtropiiv  of   the    muscular 

coat  of  the  bladder  is  usually  due  to 

mcclianical  obstructions  to  the  outflow 

Fu.  m^Hn.B»i»™,^  0,  <«  W.U.  «F  n.  „,  „,,„    ,„„,,  „  „,,„„„  „,  „„  „^ 

thra,  enlarged  prostate,  calculi,  new 
growths,  etc.  The  muscular  coat  is 
thickened  uniformly  or  aBSUmea  a  trabeculated  appearance  (Pig.  410).  The  organ  re- 
tains its  uomial  capacity,  or  is  dihtted,  or  becomes  smaller.  The  mucous  membrane  is 
frequently  the  seat  of  clJTuuic  or  acute  iuflanimaiion.  Dilatation  of  the  ureters  and 
liydronephrosis  frequently  accompany  this  condition. 

Herni.«  of  the  bladder  sometimes  accompany  intestinal  hcraue  through  the  ingui- 
nal and  cruml  canals  and  the  foramen  ovale.  The  changes  iu  jMisition  of  the  bladder, 
produced  by  displacements  of  the  vagina  and  uterus,  will  be  mentioned  with  tlie 
lesions  of  tjiose  orgaus. 

In  the  female  the  base  of  the  bladder  may  pi-ess  downwanl,  causing  protrusion  of 
the  vaginal  wall  {raginiil  cyattKele);  or  there  may  be  Inversion  and  prolapse  of  bladder 
through  the  dilated  urethra. 

WOUNDS— BITPnntE-FEBFOBATIOH. 

Penetrating  wounds  of  the  bladder  may  permit  escape  of  urine  iuto 
the  al)<1ominal  cavity,  or  infiltration  iuto  the  surrounding  couiiective 
tisKue  or  permanent,  fistiilte.  Such  wounds  are  always  serious  and  fre- 
quently fatal,  owing  chiefly  to  the  sexcre  and  often  gangrenous  iuflam- 
ntalion  which  decomposing  urine  sets  up  iu  the  conueeti\e  tissue,  or  to 
the  peritonitis  iuducwl  by  tlie  same  cause. 
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Rupture  of  the  bladder  may  be  prodnced  by  severe  blows  and  falls 
when  tbe  bladder  eoiitaius  uriue.  More  rarely  rupture  takes  place  from 
overdisteution.  Death  may  occur  from  rupture  of  the  bladder  with 
escape  of  nrine  iuto  the  peritoneal  cavity,  without  evidences  of  perito- 
nitis. 

Perfaratwns  of  the  bladder  may  be  due  to  ulceration  and  gangrene, 
to  abscesses  from  without,  and  to  cancerous  ulceration  from  the  adjoin- 


no.  111.— DiTERTICCLA  or  THE  BLADDER. 

ing  organs.  Fractures  of  the  pelvic  bones  may  be  accompanied  by  lacera- 
tion of  the  bladder.  Perforations  of  the  bladder  may  lead  to  the  estsib- 
lishnient  of  fistnlffi,  communicating  with  the  i-ectum,  vagiua,  uterus,  or 
opening  externally. 

DISTURBANCES   OF   CIROTTI^TION. 

Hypenemia. — Aside  from  active  hypera;inia  of  the  mucous  membrane 
in  acute  inflammation,  the  bladder  is  not  infrequently  the  seat  of  chronic 
congestion  from  obstruction  to  the  venous  circulation.  Under  these  con- 
ditions there  maybe  chronic  catarrhal  inflammation,  or  a  marked  dilata- 
tion of  the  veins  (vesical  hemorrhoids),  which  may  give  rise  to  hiemor- 
rhage  or  to  olwtructiou  of  the  opening  of  the  ureters. 

Hsemorrha^. — Extensive  haemorrhages  into  the  bladder  are  commonly 
due  to  injury  or  to  the  presence  of  calculi  or  tumors.  Small  haemor- 
rhages into  the  substance  of  the  mucous  membrane  may  accomi>any  in- 
flammation, the  hfemorrhagic  diathesis,  scurvy,  purpura,  smallpox,  etc. 
If  the  hiemori'hage  is  considerable  and  occurs  rapidly  in  an  empty  blad- 
der, a  clot  is  apt  to  form ;  but  when  the  blood  mixes  with  urine  as  it  is 
extraviisated  it  more  commonly  remains  liquid  and  is  discharged  as  a 
reddish -brown  fluid. 
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DTFT.AWMATION.     (Cratitia.) 


Acute  Catairhal  and  EzndatiTe  Cystitit. — Thie  may  be  incited  by  tbe 
presence  of  uriue  which  has  decomposed  under  the  influeuce  of  bacteria; 
by  cantharides  or  other  drugs ;  by  the  presence  of  f  oivigu  bodies  and 
calculi;  or  it  may  be  due  to  an  exteuBion  of  gODorrboeal  urethritis  or 
vaginitis;  or  it  may  occur  with  acute  general  infectious  diseases.  The 
mucous  membraue  is  swollen  and  congested,  although  these  alterations 
may  not  be  very  evident  after  death.  There  may  be  ecchymosis:  the 
epithelium  is  granular  and  may  proliferate  and  peel  off.  Leucocytes 
may  infiltrate  the  submiiro»a  and  pass  out  between  the  epithelial  cells 


FlQ.  4li.— ACDTI  ClUBHHAL  CYBTITrS. 

it  epIUiellum  and  emlgraUan  at  leucocyi^  trDm  tbe  aubmuccst. 

(Fig.  412).  Mixed  with  the  urine  there  may  be  shreds  of  mucus,  puseellb, 
epithelial  cells  of  various  shapes,  usually  more  or  less  swollen  and  granu- 
lar, or  fragments  of  such  cells;  red  blood  cells,  bacteria,  and  various 
urinary  crystals ;  abscess  may  form  in  the  mucous  membrane ;  or  there 
may  be  phlegmonous  inflammation  in  the  submuoosa  and  muscularis  of  the 
bladder  with  formation  of  abscesses.  Thus  perforations  and  fistulee  may 
occur.  Besolution  may  take  place  after  aeute  catarrhal  and  exudative 
cystitis,  but  it  very  frequently  assumes  a  chronic  character. 

Chronio  Cyitltis. — In  thi.s  form  the  mucous  membrane  may  be  swollen, 
succulent,  grayish,  or  mottled  with  spots  of  congestion  or  extravasation, 
and  covered  with  a  layer  of  mucus  and  pus.  Microscopically  the  mem- 
brane may  be  more  or  less  infiltrated  with  pus  cells,  and  pus  may  be 
constantly  produced  and  thrown  off  into  the  urine.  Later  the  mucous 
membrane  may  become  thickened  either  diffusely  or  in  the  form  of  tufts 
or  polypi.  In  some  cases  it  becomes  atrophied.  Owing  to  decompo- 
sition of  the  hfemoglobin  in  tbe  extravasated  blood  the  mucosa  may 
become  pigmented,  brown,  or  slate-colored.  The  mucous  membrane  fre- 
quently becomes  eroded,  especially  on  the  most  elevated  poriions,  or 
deep  ulcerations  may  occur.  The  muscular  coats  may  become  paralyzed 
and  the  bladder  dilated ;  or  the  submucosa  or  the  muscularis,  or  both, 
may  become  hypertrophied.  The  mucous  membrane  may  become  en- 
crusted with  urinarj'  salts. 
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In  aDother  class  of  cases  the  inflammatiou  assnioee  a  necrotic  charac- 
ter. Lai^r  aud  smaller  shreds  and  patches  of  the  macosa  die,  become 
brown  or  gray  in  color,  loosen  or  peel  off.  aud  become  mixed  with  the 
□rine  aud  exudations.     The  gangrenous  process  may  ext«ud  to  all  the 


FlQ.  413.— 1 

Tbe  bnierplHatlc  epitbeKiun  la  InnapsreDt  BDd  dipping  iDio  (be  submucon  lonua  trlBod-Ute  ■trurliiivii. 

coate  of  the  bladder,  so  that  perforation  and  fatal  peritonitis  may  occur. 
The  gangrenous  form  of  cystifis  is  more  apt  to  occur  in  paralytics. 

In  still  another  class  of  cases  the  iuflammatiOQ  is  suppurative.     The 
submncosa,  the  interinnRcular  connective  tissue,  and  the  a<ljacent  parts 


Tbe  epithelium  bat  asaamed  Uu 

become  infiltrated  with  pus,  either  diffusely  or  in  the  form  of  larger  and 
smaller  abscesses,  which  may  open  externally  or  internally,  forming  deep 
ulcers.  In  all  these  cases  the  mflammation  may  extend  to  the  ureters 
and  kidneys;  it  may  skip  the  ureters  and  involve  the  kidneys. 

The  small  nodules  of  lymphoid  tissue  in  the  mucous  membrane  of 
the  bladder,  especially  uear  the  neck,  may  become  enlarged  aud  promi- 
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neat  Id  cystitis,  and  may  then  be  mistaken  for  miliary  tabercles  (nodular 
cystitis). 

Hyperplasia  of  the  epithelium  of  the  bladder  sometimes  occurs  iu 
chronic  cystitis  and  under  other  conditions.  This  may  be  diffose  or  eir- 
cnmscribed  and  the  epithelium  may  assume  an  epidermal  character.  Thus 
masses  of  transparent  epidermis- tike  cells  may  tie  between  papillary  pro- 
jections of  the  snbmucosa,  forming  structures  wtiich  resemble  glands  (see 
Fig.  413),  or  layers  of  flattened  epithelium  may  cover  or  peel  from  the 
surface  (see  Fig.  414). 

Croapoui  Cystitia. — In  connection  with  any  of  the  above  lesions  tihe 
mucous  membrane  of  the  bladder  may  be  covered,  in  patches  or  some- 
times over  a  considerable  portion  of  its  surface,  with  a  layer  of  fibrin, 
either  granular  or  fibriUar,  enclosing  pus  and  epithelial  cells  and  bac- 
teria.    The  mucosa  may  be  infiltrated  with  fibrin. 

This  form  of  infiammation  may  occur  in  connection  with  severe  in- 
fectious diseases — mcitsles,  diphtheria,  scarlatina,  typhoid  fever ;  iu  con- 
nection witli  similar  inflammation  of  the  external  genitals,  in  puerperal 
fever,  noma,  and  sometimes  iu  the  presence  of  foreign  bodies.  It  rarely 
occurs  independently. 

In  the  so-called  emphysematous  cystitis,  due  to  the  presence  of  Bacillus 
aerogenes  capsnlatus,  larger  and  smaller  gas  blebs  may  be  present  in  the 
mucosa  and  underlying  tissue. ' 

The  most  common  micro-organisms  which  act  as  excitants  of  acute 
catarrhal  and  exudative  cystitis  are  Bacillus  coll  communis.  Streptococ- 
cus pyogenes,  and  ataphylococeus  pyogenes,  the  gonococcns  and  typhoid 
bacillus,'  Bacillus  proteus,  and  Bacillus  aerogenes  capsulatus.  Many 
other  forms  are  of  occasional  occurrence.' 

Tnbercnlons  Cystitis. — There  may  at  first  be  miliary  tubercles  formed 
in  the  snbmucosa.  By  the  coalescence  of  these  and  the  degeneration  of 
tissue  about  them,  ulcers  are  formed,  aud  it  is  most  frequently  iu  the 
ulcerative  stage  that  the  lesion  is  seen.  The  ulcers,  which  may  be  large 
or  small,  are  usually  most  abundant  at  the  base  of  the  organ.  Their 
edges  may  be  cheesy,  aud  miliary  tubercles  in  greater  or  smaller  num- 
bers are  usually  found  iu  the  mucosa  about  them.  Not  infrequently 
large  shreds  of  tissue  are  loosened  and  cast  off.  The  mucosa  about  the 
ulcers  is  apt  to  be  infiltrated  with  small  spheroidal  cells.  Tubercle  ba- 
cilli are  present  in  many  of  the  tubercles  and  in  the  edges  aud  base  of 
the  ulcers,  and  may  be  found  iu  the  urine.  Catarrhal  infianunation  is 
a  very  constant  accompaniment  of  this  lesion.  Tuberculous  cystitis  may 
occur  in  connection  with  tuberculous  iutlammatiou  of  the  lungs,  intes- 
tiues,  or  of  the  kidney,  uterus,  prostate,  etc, 

I  See  for  blbliograpliy  KtdTow»ky.  Centralbl.  f.  Palh.,  October  IStli,  1896.  p.  817. 
'  Sff  Cnr'Kkmaiin:  jfflnclifner  mtd.  Wochensclir,  October  16tb.  IftOO.  bibliography. 
^  For  A  study  of  liacteria  of  urinary  passages  spc  Faltiit,  Cbl.  f .  d.  Kr.  d.  Haru-  u. 
Sex.-Org.,  &i.  xiii.,  1903,  p.  180,  bibl. 
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Small  uodtilar  flbromata  may  form  in  the  submucosa. 

Aside  from  the  polypoid  thickeuings  of  the  mucosa  occurring  lu 
chronic  cystitis,  soft  vaacular  papiUomata  are  of  frequent  occurrence. 
These  tumors  I'ary  iu  size  from  that  of  a  pea  to  that  of  a  pigeon's  egg  or 
larger.  They  consist  of  a  fibrous,  often  very  vascular  stroma,  and  are 
covered  ou  the  surface  with  numerous  small,  closely  set,  villous  projee- 


rta.  415.— PtPIUXtMA  OF  THE  BLIDUKB. 

tions,  over  which  are  irregular  layers  of  elongated  or  cylindrical  cells 
(Fig.  415).  These  tumors  are  very  liable  to  bleed,  are  often  accompanied 
by  vesical  catarrli,  and  may  be  covered  by  a  precipitate  of  urinary  salts. 
The  epithelium  is  liable  to  peel  off  from  the  surface  of  the  villi  and  ap- 
pear iu  the  urine.     Sarcoma  of  the  bladder  has  been  described. 

Caroinoma. — Carcinoma  of  the  bladder  is  most  frequently  secondary, 
and  is  then  rarely  due  to  metastasis,  but  to  an  extension  of  the  groTvth 
from  neighboring  parts,  as  the  uterus,  vagina,  or  rectum. 

Primary  carcinoma  of  the  bladder  may  occur: 

1.  Aa  a  diffuse  sffirrAoits  i»/fff?-([fJoM  of  the  entire  wall  of  the  bladder, 
usually  with  ulcerations  of  its  inner  siiifuce. 

2.  As  a  circumscribed  nodule  (Pig.  416)  which  grows  iuward  and  out- 
ward, ulcerating  ou  its  inner  surface,  and  sometimes  producing  perfora- 
tions. 

3.  As  a  villous  or  papUlomati/tis  grotcth.  The  tumor  grows  from  one  or 
more  points  of  the  inner  surface  of  the  bladder.  It  is  formed  of  tubular 
follicles  liued  with  cylindrical  epithelium,  while  on  its  surface  are  tufts 
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covered  with  cylindrical  epithelium.     The  new  growth  may  involve  the 
entire  thickness  of  the  wall  of  the  bladder. 

4.  A  few  cases  of  carcinoma  have  been  described  in  which  the  Btroma 
contained  a  varying  quantity  of  smooth  muscle  tissue. 


FIG.  410.— CAaclNOH*  Of  TMK  BLADDKE. 

Cysts. — Dermmd  cysU  of  the  wall  of  the  bla<lder  have  been  described, 
but  are  rare.  Small  cysts  with  serous  contents  sometimes  occur  in  the 
mucous  membrane;  a  part  of  them,  at  least,  are  believed  to  be  due  to 
faulty  embryonal  development. 

PABABITEB,   FOHBiaN   BODIES,   AMD  OALCTTU. 

Among  the  animal  parasites  occasionally  found  in  the  bladder  may 
be  mentioned  Eohiuoeooous,  Diitoma  hematobinm,  Filaria  Bai^rniniB,  Aacaiv 
ides,  and  Ozynridea. 

A  great  variety  of  foreign  bodies  may  be  found  in  the  bladder,  par- 
ticularly in  the  female.  If  their  stay  is  long  they  are  apt  to  become 
encrusted  with  urinary  salts. 

Oolculi. 

Vesical  calculi  may  occur  singly  or  iu  great  numbers,  nod  vary  grwitly  in  dze> 
rauglDg  from  small,  sand-like  particles  up  to  masses  four  or  five  laches  Id  diameter;  but 
tbe  usual  range  is  from  the  size  of  a  pea  to  thatcif  a  ben's  egg,  Tliey  Are  usually  oval, 
spheroidal,  or  elongated ;  or,  when  several  are  present.  Ihey  are  apt  to  be  faceted.  The 
surface  may  be  smooth  or  rough.  They  are  usually  more  or  less  distinctly  lamellated, 
and  are  frequently  formed  around  a  central  body  called  a  nucleus,  which  may  either  Im: 
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formed  of  urinary  salts  or  some  foreign  body.  Tbeir  most  mmimon  constituenta  are 
pkotphate*,  vrie  arid,  and  vrntet.  and  calci-um  o-raiate,  or  various  combtnationB  of  tlieae. 

Uric-Acid  CAWttU. — These  are  the  moat  common  of  vesical  calculi.  Id  the  form 
of  small  brownish-red,  crystalline  aggregations  they  may  be  passed  as  "gravel."  The 
larger  uric-acid  calculi  ate  not  commonly  of  very  great  size,  are  frcijuently  finely  nodu- 
lated on  the  surface,  but  may  be  smooth.  The  color  varies  from  light  yellow  to  dark 
reddish-brown;  Chcy  are  usually  dense  and  Icmellated. 

Calculi  fohmed  of  Urates. — Calculi  composed  of  pure  urates  are  rare,  these 
salts  being  more  commonly  combined  with  urio  acid  and  the  pliospbatcs  to  form  the 


Fig.  41T.— Vesioal  Calculis. 
Sbowlnff  lunelUtloDB  tDdlcaUiu;  succvalve  depastllaas  of  different  tei  Lure  and  lumpcnlUuD. 

complex  calculi.  Sodium  urate,  In  the  form  of  small  splned,  more  or  less  globular 
cryBtalline  masses,  forms  one  of  the  varieties  of  "gravel." 

Phobphatic  Calculi. — Pure  eaidutn'phoiiphaU  calculi  are  rarely  found  as  whitish, 
usually  smooth,  and  small  lamellated  concretions, 

MiKBi>  OK  Tiiii'LE  Phosphate  calculi  are  common,  and  frequently  attain  large 
size.  These  calculi  are  sometimes  pure,  but  the  deposit  is  more  frequently  associated 
with  other  salts,  either  as  encrusting  or  intercalated  lamells.  Triple-phosphale  calculi 
are  usually  rough  on  the  surface,  of  grayish-white  color,  lamellated.  and  frequently 
very  friable  {Fig.  417). 

Calcium -Carbon  ATE  Calculi. — Small  gray  or  white,  bard,  and  usually  smooth 
calculi  of  pure  calcium  carbonate  occur  rarely.  Calcium  carbonate  is  sometimes  passed 
as  gravel  in  the  form  of  minute  spheroidal  bodies,  either  singly  or  in  olusterB. 

Calciuk-Oxalatb  calculi  (mulberry  calculi)  are  comparatively  common,  either 
pure  or  in  combination  nitli  uric  acid  or  the  phospliates.  Calcium  oxalate  may  occur 
iu  the  form  of  very  small,  hard,  smooth  concretions,  or  as  larger,  heavy,  bard,  finely  or 
coarsely  nodulated  brown  or  blackish  lamellated  masses.  The  nucleus  or  some  of  the 
lamellsB,  or  both,  are  oftfn  composed  of  uric  acid. 

Ctbtin  Calculi  are  usually  ovoidal  in  shape,  of  waxy  consistence,  of  clear  or 
brownish  or  greenish-yellow  color,  with  mammillatcd  surface  and  crystalline  fracture. 
Cyslin  may  be  associated  in  a  variety  of  ways  witli  other  calculi, 

Xanthin  Calculi,  which  are  very  rare,  are  usually  of  moderate  size,  smooth,  of  a 
cinnamon  or  cinnabar-red  color,  lamellaled,  and  oval  or  flaitened  in  shape. 
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SiilEd  masses  of  fibrin  nnd  blood  MimctiniL'S  occur  in  tlie  bladder,  and  may  exist  oa 
independent  atnictures,  or  form  nuclei  for  the  depoait  of  urinary  sails. 

For  a  detaileil  account  of  calculi,  the  conditions  under  wliicL  tbcy  form,  modes  of 
analysis,  etc.,  we  refer  to  special  works  on  this  subject. 


The  Urethra. 

Halfonnationa . 

Some  of  Ihe  maUormationa  of  the  urelbra  are  described  witb  those  of  tbe  penis. 

The  urethra  may  be  impervious  or  may  open  at  tbe  root  of  tbe  penis.  More  com- 
monly there  is  partial  obliuration  or  stncture  of  some  part  of  the  canal.  The  entire 
urethra  may  be  dilated  Into  a  sac. 

There  may  be  a  canal  on  the  dorsum  of  tbe  penis,  formed  by  the  fusion  of  the  Sper- 
matic cords,  and  opening  in  tlie  glans  above  the  uretlira. 

There  may  be  two  or  more  openings  of  the  urethra.  The  canal  may  be  dislocated 
SO  as  to  open  in  the  inguinal  region. 

A  number  of  cases  have  been  reported  in  wbicli  a  valve  in  the  urethra  has  led  to 
hypertrophy  of  the  bladder,  dilatation  of  tlie  ureters,  and  hydronephrosis. 

Owing  to  its  narrowness,  greater  length,  and  peculiar  connections  with  the  internal 
generative  organs,  tbe  male  ureihia  is  much  more  liable  to  disease  than  the  female. 


Ohangea  in  Size  and  Poaition. 

Dilatation  of  the  urethra  may  be  produced  by  strieturcs,  or  by  calculi  or  other 
bodies  fixed  in  its  lumen.  The  dilatations  are  fusiform  or  sacculated  in  shape,  and  may 
reach  the  size  of  an  orange  or  be  even  larger. 

Strictitres  of  tbe  urethra  are  usually  due  to  inflamination  of  Its  walls. 

The  stricture  may  be  lemjiorir}/,  and  due  to  a  diflusc  inUammatory  swelling  of  the 
mucous  membrane,  or  by  the  raising  of  the  rchixed  uiembmnc  into  a  fold  or  pocket. 

Permanent  itnehiree  ure  produced  by  structural  changes  in  tbe  walls  of  the  urethra, 

1.  The  mucous  membrane  and  submucous  tissue  become  thickened  in  Inflammation 
or  as  the  result  of  injury  and  the  new-formed  fibrous  tissue  which  contracts  and  narrows 
the  canal. 

2.  Ulceration  of  tbe  mucous  membrane  leaves  cicatricial  tissue,  which  contracts, 
and  also  produces  adhesions  and  bands  of  fibrous  tissue  (Fig.  418). 


F:o.  418.— Sthictcm  or  ihe  Kiix  VRwroKt.. 

1  and  consequent  ci 
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The  moBt  frequent  po^tioa  of  fltrictur<«  Is  at  tlie  jimctioD  of  tbc  mcmtiranouH  and 
spongy  portions  of  tlie  urptlira,  or  close  to  this  point.  They  also  occur  at  the  fossa 
savicularis  and  the  meatus,  but  frequently  in  the  prostatic  portion.  Tliere  tnay  be  one 
stricture  or  several.  The  consequences  of  stricture  are  dilatation  of  tlie  urethra,  the 
blaililcr.  the  ureters,  and  byclroncphrosis :  inllainination  and  ulceration  of  the  urethra 
behind  the  stricture,  with  perforation,  inflltmtion  of  urine,  or  tlje  formation  of  fistulte. 

The  urethra  may  also  be  obstructed  by  folds  of  the  mucous  membrane;  by  muscular 
valves  at  the  neck  of  tbc  bladder;  hy  wounds;  by  polypi  and  swollen  glands;  by  new 
growtJia;  hy  clianges  iu  the  prostate  and  perineum;  by  calculi,  mucus,  blood,  and 
ecbittococci  coming  from  the  bladder;  by  foreign  bodies  introduced  from  without. 

Prolapse  and  inversion  of  the  mucous  membrane  occur  occasionally  in  young 
girls  and  women.  There  is  a  bluish-red  swelling,  from  the  size  of  a  pea  to  that  of  a 
walnut,  at  tiie  meatus.  In  the  male  invagination  of  the  mucous  membrane  of  the  ure- 
tlira  baa  been  seen  after  injuries  of  the  perineum. 


WOTTWDS-  RTJPTOItE— PERFORATION, 

Wounds  of  the  urethnt  are  produced  in  many  ■ways,  but  most  com- 
mouly  by  catheters  and  bougies.  The  wounds  may  cicatrize,  or  there 
may  be  itifiltration  of  urine  or  the  formation  of  flstulee  or  false  passages. 

Ruptures  of  the  urethra  are  produced  by  severe  contusions  and  by 
fracture  of  the  pelvic  bones.  Estravasatious  of  blood  and  urine,  and 
gangrenous  inflammation  of  the  siirrouuding  soft  parts,  are  the  ordinary 
results. 

Ulceration  and  perforation  of  the  urethra  may  lead  to  the  formation 
of  fistulm,  which  open  in  various  directions  through  the  skin. 


INFLAMMATION.    (Urethritis.) 

Catarrhal  UrethritiB  may  be  due  to  the  action  of  chemicid  irritants,  and 
to  the  e.^tensiou  to  the  urethra  of  iuflammatiou  from  other  parts;  but  its 
most  frequent  excitaut  is  the  gonococcus.  In  its  acute  form  it  in\'olves 
either  a  portion  or  the  whole  of  the  urethra.  The  niucoas  membi'ane 
ii*  red,  swollen,  and  covered  with  muco-pus.  The  epithelium  may  t>e 
loosened  or  exfoliated ;  pus  cells  are  present  in  the  submueosa  between 
the  epithelial  cells.  The  gonococciis  is  present  usually  in  considerable 
numbers  in  the  exudate,  both  free  and  in  the  pus  cells.  It  may  pene- 
trate between  the  epithelial  cells. 

Resolution  may  follow  acute  gonorrhoea!  urethritis.  But  the  condi- 
tion may  become  chronic  and  then  is  often  confined  to  the  posterior  poi- 
tions  of  the  urethra.  Here  the  gonococcus  may  persist  for  a  long  time 
and  may  be  mingled  with  the  exudate,  which  is  now  less  purulent  and 
consists  \ery  largely  of  mneus  which  in  thread-like  forms  may  be  passed 
with  the  urine. 

Chronio  Inflammation  of  the  urethn^niay  exi.st  for  a  long  time  with 
the  production  of  a  muco- purulent  exudation,  but  without  the  /^ccur- 
reiice  of  marked  structural  lesions.  Iu  other  cases  it  leads  to  ulceration, 
to  fibrous  induration  of  the  wall  of  the  canal  (see  Fip.  418),  to  indnra- 
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tion  and  swelling  of  tbe  rnacons  follicles,  to  polypoid  thickeDings  of  the 
mucous  membraue. 

The  iuflammation  may  extend  to  the  fibrous  wall  of  the  uretbt-a,  the 
corpora  spongiosa  and  cavernosa.  This  may  result  in  the  formation  of 
new  connective  tissue  or  of  abscesses,  especially  near  the  fossa  uavicu- 
laris.  There  may  he  involvement  of  the  bladder,  the  glands  of  Cowper, 
tlie  prostate,  the  spermatic  cord,  and  tbe  testicles.  Tbe  inguinal  glands 
also  may  be  swollen  aad  inflamed,  aud  the  lymphatic  vessels  on  the 
dorsum  of  tbe  penis  may  be  involved  in  tbe  same  process. 

CroupouB  Inflammation  is  sometimes  seen  in  children.  Fibrinous  casts 
of  a  small  or  lai^  portion  of  the  canal  may  be  formed. 

TabercnlooB  Inflammation  occurs  rarely  in  the  mucous  membrane  of 
the  urethra  in  connection  with  tuberculous  inflammation  of  the  bladder, 
prostate,  or  testicles. 

Syphilitic  Vloen  may  be  situated  at  the  meatus  or  as  far  back  as  the 
fossa  navicularis.     They  are  apt  to  produce  strietures. 


TUUORS. 

Aside  from  the  polypoid  outgrowths  from  the  mucous  membrane  of 
the  urethra  as  the  result  of  chronic  inflammation,  fibtoni  polypi  may  oc- 
cur congenitally,  or  polyps  coutaining  glandular  structures  or  cysts 
rarely  occnr.  Caroinoma  may  occur  as  a  result  of  local  extension  from 
adjacent  organs  or  metastasis  from  the  bladder. 

Cyita  may  occur  in  the  mucous  membrane  as  a  result  of  the  dilatation 
of  the  mucous  glands.  Circumscribed  masses  of  dilated  veins  occasion* 
ally  occur  in  the  urethra,  forming  the  so-called  urethral  hnmorrhudi. 

The  sinus  pocularls  may  be  dilated  in  children  by  the  retention  of  its 
secretion,  so  as  to  form  a  mass  which  may  obstruct  the  exit  of  urine 
and  lead  to  hypertrophy  of  tbe  bladder  and  dilatation  of  the  uietets. 
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CHAPTER  X. 

THE  REPRODUCTIVE  ORGANS  OF  THE  FEMALE. 
The  Vulva. 

Ualformatiom. 

Thb  external  gonitaia  may  be  entirely  absent  or  Imperfectly  developed.  The 
fissure  between  the  labia  may  be  unformed,  or  tlie  labia  may  grow  together,  with  or 
without  obstructioD  of  the  urethra.  The  clitoris  and  nymphs  may  be  abnormally 
large,  or  the  nymphs  may  be  increased  in  number.  The  clitoris  may  be  abuormally 
long;  at  the  same  time  the  vagina  is  narrow,  the  uterus  small  and  undeveloped  or 
malformed;  the  ovaries  are  small,  sometimes  situated  in  tlie  labia;  the  mammee  small,  and 
the  body  is  of  a  masculine  character.  Bucb  cases  are  sometimes  called  pseudo-hermaph- 
rodites. The  clitoris  may  be  perforated  by  the  urethra  or  may  be  cleft  and  appar- 
ently double. 

The  hymen  issubject  to  various  anomalies.  It  maybe  entirely  absent.  The  open- 
ing may  be  very  large  or  in  unusual  places;  there  may  be  several  openings;  the  free 
edge  may  be  beset  with  papillary  projections;  there  may  be  no  opening  at  all, 

HLSUOBBBAaE,    M  VPKTtJWMTA,  ETC. 

Hsemonba^  may  take  place  from  wounds  or  nlcers  of  the  vulva,  but 
the  most  important  form  of  hiemorrh^^  is  that  vhicli  occurs  in  the  con- 
nective tisane  of  the  labia  majora.  This  may  occur  duriug  labor  or  re- 
sult from  external  injury.  One  of  the  labia  may  be  much  swollen  and 
distended  by  the  extravasated  blood.  The  blood  may  be  gradually  ab- 
sorbed, or  it  may  decompose  with  suppuration  or  gaogrene  of  the  sur- 
rounding tissue. 

Tarioose  Veuw  in  the  labia  are  not  infrequent  (Edema  of  the  labia 
majora  may  occur  in  pr^nancy  or  in  labor.  It  frequently  accompanies 
disturbances  of  the  venous  circulation,  as  in  certain  heart  and  lung  dis- 
eases ;  or  it  may  occur  in  chronic  diffuse  nephritis  or  other  wasting  dis- 
eases; or  as  a  result  of  thrombosis  or  other  disturbances  of  circulation  in 
the  uterine  or  periv^^nal  venous  plexuses.  The  latter  may  be  excessive, 
leading  to  the  transudation  of  fluid  through  the  skin,  to  the  formation  of 
vesicles,  or  superficial  erosion,  or  even  of  gangrene. 

IHFLAHBEATION.    (Vulvitia,) 

The  skin,  mucous  membrane,  connective  tissue,  and  glands  of  the 
vulva  may  be  the  seat  of  inflammation. 

Acute  Catarrlial  Inflammation  of  the  mucous  membrane  may  be  in- 
duced by  a  variety  of  substances,  bat  Is  most  frequently  due  to  gonor- 
rhteal  infection.     The  mucous  membrane  is  swollen  and  red  and  covered. 
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with  a  mnco-puruleiit  exudate.  Ttie  labia  may  be  swoUeii,  the  glaods 
of  Bartholin  are  liable  to  be  involved,  and  abscesses  of  the  labia  may  be 
developed. 

Chronic  Catarrhal  Infiammation  may  lead  to  sni>erfieial  or  deep  ulcera- 
tion of  the  mucous  membrane,  or  to  i»apillary  outgrowths,  or  to  thicken- 
ing of  the  labia.  Suppurative  inflammation  of  the  tissue  of  the  labia 
may  occur  with  a  similar  process  in  neighboring  parts.  Eryiipelatoni 
Inilainmation  of  the  skin  of  the  vulva  is  frequent  in  young  ohildreu.  In 
adults  it  is  less  common.  Inflammation  of  the  yulvo-vagiiial  glands 
may  be  acute  and  lead  to  abscesses,  or  chronic  and  produce  iuduratiou 
of  the  gland. 

Oan^ene  may  follow  erysipelatous  iuflammatiou,  or  occur  after  par- 
turition; it  may  ac«ompauy  severe  exhausting  and  infectious  diseases. 
It  may  follow  bruises  or  other  injuries.  In  some  forms,  such  as  those 
known  as  noma  and  honpilal  gangrene,  the  destruction  of  tissue  proceeds 
with  extreme  rapidity.' 

Croupous  Infiammation  may  occur,  with  or  without  diphtheria  and  a 
similar  lesion  of  the  fauces  or  elsewhere,  and  is  frequently  associated 
with  gangrene. 

Tuberculous  Inflammation,  usually  with  iilceration,  occasionally  occurs 
in  the  vulva. 

Syphilitic  Inflammation  and  ulceration  are  of  frequent  occurrence  on 
the  vulva,  particularly  on  the  mucous  surfaces,  and  may  lead  to  consid- 
erable destruction  of  tissue  and  cicatricial  contractions. 

In  one  form,  the  so-called  mucmts  patch,  there  is  an  infiltration  of  the 
papillary  layers  of  the  skin  or  mucous  membrane  with  variously  shaiied 
cells  and  fluid,  so  that  the  tissue  has  a  gelatinous  appearance.  In  other 
cases  there  is  an  hypertrophy  of  the  papillee,  so  that  lai^er  and  smaller 
wart-like  excrescences  are  formed.     This  is  citlled  thepointfd  condyloma. 

TUHORB. 

Fibroma, — Circumscribed  fibrous  tumors  are  found  in  the  connective 
tissue  of  the  labia,  uions  veneiis,  perineum,  clitoris,  and  entrance  to  the 
vagina.  They  may  attain  a  large  size,  and,  attached  only  by  a  pedicle, 
may  hang  far  down  Iwtween  the  legs.  The  skin  is  asually  movable  over 
the  surface  of  these  tumors. 

Fibrottm  diffumtm  (el.'phantiasis). — This  usually  involves  the  clitoris 
or  the  labia,  or  both,  and  may  extend  to  surrounding  parts  of  the  skin. 
It  consists  essentially  of  a  diffuse  hypertrophy  of  the  skin  and  subcuta- 
neous tissue,  with  or  without  involvement  of  the  papilla  and  epidermis. 
The  surface  may  be  smooth  or  rough,  ^\^len  the  papill®  and  epidermis 
are  much  involved,  larger  and  smaller  caiiliflower-like  excrescences  may 
cover  the  hypertrophied  parts  and  the  surface  be  very  rough  and  scaly. 

Papillomata.— These  growths  consist  of  hjiwrtrophied  papilla?  covered 
with  thick  layers  of  epithelium.    They  vary  in  size  from  that  of  a  pea  to 

'  For  a  study  of  noma  with  bibl.  see  Blinner  mid  .VirFirl'ine.  Am.  Jour.  Me<J,  ScL, 
vol.  cxxii.,  1901,  i>.  537. 
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that  of  au  apple,  aud  have  a  cauliflower  appearanc<^.  Lipomata,  fibro- 
myomata,  and  ftbro^aroomata  are  of  occasional  occurrence  in  the  vulva. 
A  few  caaes  of  melano-Bareoma  are  recorded.  Chondroma  of  the  clitoris 
has  been  described.  Carcinoma  of  the  vnlva  may  be  primary,  usually  in 
the  form  of  epithelioma  of  the  clitoris  or  labia,  or  it  may  be  secondary  to 
cancer  of  the  uterus,  vagina,  etc. 

CyiU  are  found  in  the  connective  tissue  of  the  labia  majora  and 
miuont.  They  are  from  the  size  of  a  pea  to  that  of  a  child's  head. 
They  may  contain  serum,  colloid  material,  purulent  or  bloody  fluid,  or 
they  may  have  the  characters  of  dermoid  cysts  or  atheroma  cysts.  Their 
origin  is  in  many  cases  obscure.  In  some  eases  they  are  doubtless  due 
to  dilatation  of  lymph- vessels.  Cysts  may  be  formed  by  a  stoppage  and 
filling  vdth  fluid  of  the  canal  of  Knek,  or  by  a  dilatation  of  the  ducts  or 
acini  of  the  vulvo-vaginal  glands. 


The  Vagina. 

MalformationB. 

Tlic  vagina  may  be  enlirely  absent,  and  Ihe  latemal  orgaaa  of  geoeratioD  also  ab- 
sent or  imperfectly  developed.  Ettlier  tlie  upper  or  tbc  lower  portion  of  tbe  canal  may 
be  abaent  wbile  tbe  TfinaiQing  portion  ia  preseut. 

Tlic  vagina  may  be  closed  by  an  imperforate  hymen  or  by  flbrous  septa  at  any  part 
of  its  canal.    The  caual  may  be  abnormally  small  without  being  occludiKl. 

The  vagina  may  be  double,  in  conuectioii  nitba  double  uterus:  or.  while  the  utenia 
is  normal,  tbe  vagina  may  be  iucomplelcly  divided  by  a  lougitudlnal  septum. 

Ohangea  in  Sise  and  Position. 

Dilatation  of  the  vagina  is  produced  by  tumors,  by  the  prolapsed  uterus,  and  by 
tbe  accumulation  of  blood  and  mucus  bebind  constrictions  or  obliterations  of  the  canal. 

LENOTHENnfti  of  ibc  vagina  is  produced  by  any  cause  which  draws  the  uterus  up- 
ward. Narbowino  occurs  asaseuilc  change;  Is  produced  by  the  pressure  of  tumors  or 
may  follow  ulceration  of  tbc  wall  of  the  canal  through  cicatricial  contraction. 

Prolapse  of  the  vagina  occurs  independently,  usually  as  a  result  of  thickening 
or  laxity  of  its  walls,  or  in  connection  with  prola]>8c  of  the  uterus.  It  may  occur  soon 
after  parturition.  A  larger  or  smaller  portion  ot  Ihe  canal  is  inverted  and  projects  - 
through  the  vulva.  The  entire  circumference  of  the  canal  may  be  inverted  and  pra- 
lapsed,  or  only  the  anterior  or  posterior  wall.  Tbe  prolapse,  at  flrat  small,  may  after- 
ward gradually  increase  In  size  and  drag  down  the  utcnis  with  it.  In  other  cases  pro- 
lapse of  the  uterus  is  primary,  and  the  vagina  is  inverted  by  tlic  descent  of  that  organ ; 
or  the  body  of  the  uterus  may  retain  its  normal  position,  while  an  Lypertropby  and 
lengthening  of  the  cervix  atone  drags  down  the  vagina. 

Ukunia  Yesico- Vaginalis — Cvhtocele — may  bo  either  the  cause  or  effect  of  a 
prolapse  of  the  vagina  and  uterus.  Jf  the  cystoccle  be  tbe  primary  lesion,  it  begins  as 
a  small  projection  of  the  wall  of  tbe  bladder  Into  tlie  anterior  part  of  the  vuglnji.  As 
the  urine  accumulates  in  this  sac  it  increases  in  size,  projects  through  tlie  vulva,  draws 
down  the  vagina  aud  Ihe  anterior  lip  of  the  cervix,  and  finally  the  entire  uteras.  If 
tbe  eystocele  be  the  secondary  lesion,  it  is  produced  by  the  dragging  down  of  tbe  pos- 
terior wall  of  tbc  blatlder  by  the  inverted  vagina. 

IIkusia  Intestino-Vaginai.is,— .\  portion  of  Ihe  intestines  may  become  fixed  in 
Douglas' culde-sac  between  the  reeluni  and  the  uterus.     This  portion  of  intestine  grad- 
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uslly  becomes  larger,  pushes  forward  the  posterior  wall  of  the  vagina,  inverts  and  fllle 
up  that  mnal,  and  finally  projects  through  the  vulva.  It  may  drag  with  it  the  poste- 
rior wall  uf  the  vagina  and  tlie  uterus, 

Rectocele  Vaginalis. — A  aac  is  formed  by  the  projection  of  the  anterior  wall  of 
tlie  rectum  and  the  posterior  wall  of  the  vaghia.  This  lesion  is  of  rare  occurrence  and 
does  not  reach  a  large  size. 

When  the  vagiua  is  prolapsed  there  is  usually  inflammation  of  the  lining  meinbraDe 
or  a  thickening  of  the  epidermis. 

W0Tnn>8— PEBPOBATIONS. 

Wonnda  of  the  v^nu  are  made  by  penetrating  instruments,  by  for- 
ceps and  other  obstetrical  weapons,  by  the  fcetuB  during  delivery  or  may 
result  from  coitus.  Such  wounds  may  heal,  or  give  rise  to  large  luemor- 
rh^es,  or  suppurate,  and  lead  to  abscesses  in  the  surrounding  tissue,  or 
leave  fistulous  openings  into  the  vagiua  or  they  may  by  cicatricial  con- 
traction in  healing  lead  to  constriction  or  obliteration  of  its  canal. 

Tesioo-vagiaal  Fiatuls  are  usually  produced  by  injuries  from  instru- 
ments or  from  the  foetus  during  deliverj' ;  less  frequently  by  olceration 
of  the  vagina,  bladder,  or  adjacent  connective  tissue,  or  by  abscess  in 
the  surrounding  parts.  The  fistulse  form  an  opening  between  either  the 
bladder  or  the  urethra  and  the  vagina.  They  allow  the  urine  to  pass 
into  the  vagina.     Spontaneous  cure  does  not  take  place. 

Reoto-VBginal  Fistolffl  are  formed  in  the  same  way  as  the  last-men- 
tioned. They  allow  the  passage  of  gas  or  feeces  into  the  vagina.  They 
sometimes  heal  spontaneously. 


INFUUKKATIOH.    (VaginitU.) 

Catarrhal  Inflammation  of  the  vaginal  mncous  membrane  may  be  acute 
or  chronic.  It  is  most  frequently  induced  by  the  gonococcus,  but  may  be 
due  to  local  irritation  or  accompany  active  infectious  processes.  It  not 
infrequently  occurs  in  the  new-born.  In  the  acute  form  the  mncous 
membrane  is  swollen  and  frequently  covered  with  a  mnco-pumlent  or  a 
purulent  exudation.  In  the  chronic  form  the  mucous  membrane  may  be 
swollen,  covered  with  a  purulent  exudation ;  there  may  be  an  exfoliation 
of  epithelium,  shallow  or  deep  erosions,  or  ulcers. 

Sometimes  lai^  shreds  or  membranes  are  casti  off  from  tJie  vagina 
which  consist  wholly  of  exfoliated,  flat  epithelium.'  In  other  cases  the 
mucons  membrane  is  thickened,  den-se,  and  sometimes  pigmented,  or 
it  may  be  roughened,  covered  with  papillffi,  or  it  may  be  relaxed  and 
prolapsed. 

Cronpoui  Inflammation  may  occur  after  parturition,  in  dysentery,  in 
typhus  and  tj^phoid  fevers,  diphtheria,  scarlatina,  meaales,  and  other 
infectious  diseases.  The  mucous  membrane  is  swollen  and  covered  with 
a  grayish  layer  of  fibrin  and  pus.  The  mucosa  and  submucosa  may  be 
infiltrated  with  fibrin  and  pus.  The  infiltrated  portions  of  the  mucosa 
'  Consult  MeFaHaiid.  Proc.  Philadelphia  Path,  Soc, ,  March  lat,  1899. 
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and  aabmiicoaa  may  die  aud  become  gangreuoos,  and  thus  deep  and  ex- 
tensive ulcers  be  formed. 

Suppurative  Inflamm&tioa  of  the  fibromuscular  coat  of  the  vagiua  may 
occur  after  injuries  or  iu  pregnant  and  puerperal  women.  Abscesses 
may  be  formed  which  penetrate  into  the  labia  or  into  the  pelvic  connec- 
tive tissue.  In  other  cases  the  intense  phlegmonous  inflammation  may 
lead  to  the  death  and  casting-off  of  portions  of  the  vaginal  wall,  or  even 
of  the  entire  wall. 

Qaugrene  of  the  vagina  may  occur  as  a  resalt  of  croupous  or  intense 
suppurative  or  syphilitic  inflammation,  or  from  unknown  causes.  In 
the  form  of  noma  it  may  be  very  extensive  aud  rapidly  destructive. 

Tnbercnloiu  and  Syphilitic  Inflammatioii,  usually  leading  to  more  or 
less  extensive  ulceration,  may  occur  in  any  part  of  the  vagina.  Tuber- 
culous inflammation  is  usually  secondary  to  tuberculosis  of  other  parts. 
Syphilitic  ulcers  may  heal,  sometimes  leaving  marked  cicatrices,  and 
sometimes  not 

TTmOBS. 

Fibroma,  fibro-myoma,  larooma,  myoma  IgevioeUolare,  are  of  occasional 
occurrence  iu  the  vagina.  Kyoma  Btriooellnlare  is  of  rare  occurrence.  A 
teratoma  has  been  described  and  a  few  cases  of  endothelioma,' 

Papillomata  are  of  frequent  occurrence  as  a  result  of  chronic  inflam- 
mation. Caroinoma  of  the  vagina  is  usually  secondary  to  cancer  of  the 
uterus.  It  may  be  primary  as  a  circumscribed  nodular  tumor,  or  more 
frequently  it  occurs  in  a  papillary  and  ulcerating  form  and  often  spreads 
to  neighboring  parts. 

Cysts. — These  are  not  very  common  and  may  be  small  or  as  large  as 
a  hen's  e^.  They  may  be  lined  with  flattened  epithelium,  aud  contain 
serous  or  viscid,  dark-colored  or  transparent  fluid.* 

PABABITES. 

Among  the  animal  parasites  Ozynris  and  TriohomonaB  vaginalia  are  of  oc- 
casioual  occurrence.  Among  the  vegetable  forms  Oidinm  albicans  and  Lep- 
tothriz  are  occasionally  seen,  while  various  forms  of  bacteria  are  common. 
Staphylococcus  aud  Streptococcus  pyogenes  have  been  found  many  times 
in  the  normal  v^ina.  While  these  and  other  bacteria  may  be  harmless 
in  the  normal  v^ina,  should  conditions  favoring  their  growth  or  an  in- 
crease in  their  virulence  occur,  as  after  delivery  for  example,  serious 
infectious  processes  may  follow.  The  r61e  of  the  gonococcus  as  an  ex- 
citant of  catarrhal  inflammation  is  well  established. 

The  Tltenui. 

Congenital  Halformationa. 

The  ulerua,  tubes,  and  vagina  may  be  entirely  nbseot,  with  or  without  absence  of 
the  extenial  genitaU.  Or  the  uterus  alone,  or  tlic  upper  part  of  the  vagina  also,  may 
be  attsent. 
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Thti  ut«riiB  may  be  oa\y  rudimentary  while  tiic  vagioa  is  Duniial.  It  then  appears 
as  a  flattened  solid  budy  wirli  solid  coruun.  Or  there  are  two  coraiia  joiaed  at  tlieir 
lower  extremities  no  as  to  form  ii  email  double  uterus  (Fig.  419).  Or  llie  uterus  is 
represented  by  a  small  sac.  wliicU  may  or  may  not  communicate  with  tbe  vagina.  Or 
there  is  a  very  small  uleius,  witli  tliin  muscular  walls  aud  two  large  comua. 

Only  one  of  tlie  eomua  wtiicli  sliould  form  the  uterus  may  be  developed  wliiic  ibe 
uiher  is  arrested  in  lis  growiU.    Tlio  uterus  is  then  a  long,  cylindrioil  body,  1 


Fig.  119.— DTIRl'S  BICORNIS. 

iiig  above  in  one  tube.  Go  the  side  where  the  born  sliould  have  been  developed  there  ia 
II')  tube,  or  ODiy  a  rudiment.    Both  orarics  are  usually  present. 

Tbe  two  coruua  may  bo  fully  develope<l,  but  their  lower  ends  remain  separated 
and  form  a  double  uterus.  An  entire  separation  inio  two  dislinct  uteri  and  vagiuic  is 
rare.  More  frequently  tbe  uterus  consists  of  one  body,  divided  by  a  septum  into  two 
cavities.  There  are  then  two  cervical  portions  of  tbe  uterus  projecting  into  a  single 
vagina,  or  each  into  a  separate  vagina.  Or  there  is  only  a  single  cervix.  Tbe  septum 
in  the  uterus  may  be  complete  or  only  partial. 

Tiic  uterus  may  be  abnormal  in  size  or  Ik  variously  flexed  ^  tlic  cervix  may  be 
solid  or  may  be  closed  by  the  vaginal  mucous  membrane.  Or  tlie  cervix  may  have  an 
abnormal  form  with  a  small  opening  or  canal. 

Changes  in  Size. 

lu  the  new-boru  infant  the  uterus  is  small,  llic  b<idy  flattened,  the  cervix  dispro- 
purtlonately  large.    Duiing  childhood  tbe  organ  Increases  in  size,  but  the  body  remains 
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BniHll  in  pmportion  to  the  crrvix.     At  puberty  the  sliapu  cliaDgea  aatl  the  body  be 

At  every  menstruation  tlic  uterus  is  soniewbaC  swolleo  and  cougested.  After  preg- 
nancy it  docs  not  return  to  ita  virgin  size,  but  remains  somowbat  larger.  In  old  age  it 
gradually  iiecomea  smaller ;  ita  walls  are  bardcr  and  more  fibrous. 

Abnokmal  Smali.ne8s  of  the  uterus  is  sometimes  found  as  an  arrest  of  develop- 
ment. It  may  result,  however,  from  chronic  endometritis,  from  repeated  pregnancies, 
from  old  age,  or  from  clironic  exhausting  diseases.  Ita  cavity  may  be  smaller  tlian 
normal,  or  distended  with  mucus.  Large  myomatu  sometimes  induce  atrophy  of  the 
uterine  wall.  Atrophy  of  the  vaginal  portion  of  Ibc  uterus  is  sometimes  observed  after 
repeated  pregnancies.  Narrowing  and  obliteration  of  the  cavity  of  the  uterus  and  of 
the  cervix  are  usually  produced  by  chronic  inflammation. 

ENLAnGEMEKT  OP  THE  Utkuus  maybe  due  to  too  early  development.  It  is  ac- 
companied by  abnonnully  early  development  of  all  the  sexual  organs  and  functions. 
The  utenis  may  be  enlargc<l  in  conucctioa  vltit  heart  disease,  prolapse  and  abnormal 
Hcxious  and  versions,  chronic  loBammatioDS,  repeated  pregnancies,  niyomatn,  and  ar- 


Fl(i.  131.— Hoi'R-IILAS:.  L'TKRrs. 
Uon  of  the  civiUeaot  the  body  snd  (*rv[j  Irom  ObrouB-tlaiue  ri 


cumulations  of  blood  or  mucus  in  the  uterine  cavity.  Enlargement  of  the  vaginal  por- 
tion alone  may  occur.  One  or  both  lips  of  the  cervix  may  be  uniformly  increa-sed 
in  size,  or  they  may  be  lobulatcd. 

Dilatation  of  the  uterus  is  produced  by  accumulations  of  blood,  mucus,  or  pus  In 
consequence  of  narrowing  or  obliteration  of  the  cervix  or  vagina.  The  uterine  walls 
may  retain  their  normal  thickness,  be  thickened  or  thinned.  Thu  most  frequent  posi- 
tion of  the  stenosis  is  the  os  internum.  The  retained  contents  after  a  time  change  in 
character,  forming  o  thin,  serous  fluid — hydrometrn — or  they  may  l>c  mixed  with  blood. 
Tbc  dilated  uterus  may  be  of  enomious  size.  If  both  os  internum  and  oe  externum  are 
closed  the  cervical  cavity  may  be  also  dilated  and  the  uterus  have  nn  hour-glass  siiapc 
(Fig.  430);  or  the  dilalation  may  he  limited  to  the  cervix.  If  tlic  obstruction  is  not 
complete,  the  retained  fluid  may  escape  into  the  vagina  and  be  followed  by  a  fresh  ac< 
cumulation.  If  the  obstruction  be  in  the  vagina,  the  uterus  and  vagina  may  form 
H  large,  Hask-shaped  body,  and  the  line  of  dcman^Cion  between  cervix  and  vagina 
be  lost. 
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AccumtiktloQ  of  meastrual  blood  in  the  ravitj  of  the  utcrua—hcnaatomttra — is 
usually  due  to  congenital  steoosis  of  llie  cerviK  or  vagina,  and  nmy  be  very  great.  If 
the  fluid  is  not  evacuated  by  sOrgluil  interference  there  tnay  be  cither  rupture  or  ulcer- 
ative perforation  of  the  uterus.  Tbe  blood  may  escape  into  the  abdouiinal  cavity,  or 
be  shut  in  by  adhesions,  or  perforate  into  the  bladder  or  intestines.  Sometimes  the 
blood  passes  into  the  Fallopian 
tubes,  dilates  them,  and  escapes 
through  their  abdominal  ends. 

Cliaiigea  in  Poaitiou. 

The  body  of  the  uterus  may 
become  fixed  in  an  abnonnal  po- 
sition, while  the  situation  of  the 
cervix  Is  unchanged. 

Flexion. — The  body  may  be 
bent  forward— awtejtei^m;  back- 
ward—relrojtenon  (EMg.  421) ;  or 
sideways — lateral  fleri<m.  The 
flexion  may  be  sliglit.  or  so 
great  that  the  neck  and  body 
form  on  acute  angle.  Ante- 
flexion is  the  most  common  va- 
ilety,  and  that  in  which  the 
flexion  is  greatest.  Peritoneal 
adhesions,  flaccidity  of  the 
uterine  walls,  particularly  after 
delivery,  atrophy  of  the  walls, 
ovarian  and  other  tumors,  etc., 
arc  the  usual  causes  of  flexion. 

Veksidn  of  the  uterus  consista 
in  an  abnormal  inclination  uf  the 
long  axis  of  the  organ  to  that  of 
the  vagina.  The  uterus  may  be 
inclined  backward,  forward,  or 
to  one  side. 

Retroceriiion  is  the  most  com- 
mon.    Tlie   fundus   uteri   is  di- 
rected backward  and  downward,  p,o.  i2i.-rcti.o»liitos  or  xni  utkicb. 
the  cervix  forward  aad  upward.            g^^,  ^^^  n^y  be  .^en  in  o,e  muoout  membnine  of  IM 
Tiiis  condition  is  found  in  vari-  bodj. 
ous  degrees;  in  tlie   highest  the 

fundus  lies  in  Douglas'  cul-de-sac  with  the  cervix  upward,  so  that  the  axis  of  the 
uterus  is  parallel  to  that  of  the  vagina,  but  id  a  direction  nearly  opposite  to  the  normal. 
Abnormal  looseness  of  the  uterine  ligaments,  abnormally  large  capacity  of  the  pelvis, 
enlargement  or  tumors  of  Ihe  uterus,  and  pregnancy  during  the  Brst  four  months,  are 
some  of  Che  more  common  conditions  under  which  this  lesion  occurs, 

.dn(€c^«oH.— Inclination  of  the  fundus  forward  and  downward,  and  of  tlie  cervix 
backward  and  upward,  is  not  common  and  seldom  reaches  a  high  degree.  It  occurs 
under  tlie  same  general  external  conditions  as  anteflexion. 

Liilen/Temon  is  not  very  commou  as  a  simple  lesion,  but  is  not  Infrequently  coln- 
bined  with  other  displacements.  It  may  be  produced  by  congenital  shortening  of  one 
of  the  broad  ligaments,  by  adhesions,  or  by  the  pressure  of  tumors. 

The  greater  degrees  of  version  may  produce  very  grave  lesions.  The  urethra  and 
rectum  may  be  compressed.  Cystitis,  perforation  of  the  bhidder,  dilatation  of  the 
ureters  and  hydronephrosis,  and  fatal  obstruction  of  the  bowels  may  follow.  If  preg- 
nancy exist  abortion  may  take  place,  or  the  inverted  uterus  may  be  forced  through  the 
peritoneum  and  posterior  wall  of  the  vagina  and  project  through  the  vulva.    In  the 
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HOD- pregnant  ulerua  pressure  on  the  veins  and  consequent  ctironic  InQamuiatlon  of  the 
organ  may  folluw. 

PROLAPsrA  Uteri  consists  of  a  descent  of  the  uterus  into  the  vagina.  The  uterus 
may  be  only  slightly  lowered  or  it  may  project  at  the  vulva  (Fig.  432).  In  complete 
prolapse  we  find  a  tumor  projecting  through  the  vuiva,  partly  covered  by  the  dis- 
tended vagina,  and  presenting  the  opening  of  the  os  externum  near  its  centre.  The 
bladder  and  tectum  may  be  drawn  down  with  the  vagina  or  may  remain  in  place.  The 
exposed  cervix  and  vagina  uBUally  become  inllamed  and  sometimes  ulcerated,  or  the 
mucous  membrane  may  become  thickened.  Tlio  lesion  is  frequently  complicated  by 
hypertrophy  of  the  cervix. 

Gradual  prolapse,  which  is  most  frequent,  may  be  due  to  an  increased  weight  of  the 
uterus,  as  in  pregnancy,  inflammatory  enlargement,  the  presence  of  tumors,  etc. ;  or  to 
some  abnormal  condition  of  the  uterine  supports.    It  is  frequently  due  to  a  vaginal 


no.  lii.— PH0UF8E  or  TRK  UTERDS. 

The  cerrli  projects  from  tbe  vulva  uid  Ibere  are  small  ul(«ralloiia  Bbout  tbe  08 

cystoccle  or  rectocelc.  Sudden  prolapse  is  most  apt  to  occur  in  an 
or  one  unduly  heavy  by  reason  of  tumors  connected  with  it.  It  is  i: 
subinvolution  after  parturition. 

Elevation  of  the  uterus  is  produced  by  mechanical  causes  crowding  or  dragging 
It  upward,  as  adhesions,  tumours,  etc.  The  vagina  is  drawn  up  and  lengthened,  and 
the  vaginal  portion  of  the  cervix  may  be  obliterated. 

Inversion  of  theutervsconsistsof  an  invagination  of  tbe  fundus.  Tbefundusmay 
be  iDvaginat«d  in  tbe  body,  the  fundus  and  body  in  the  cervix,  or  the  entire  organ  in 
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the  vagina.  It  usually  occurs  when  the  uterine  walls  are  relaxed,  and  may  be  due  to 
traction  on  the  placenta  during  parturition.  It  may  take  place  spontaneously  after 
parturitioD.  It  may  be  produced  by  intra-ulcrine  tumore.  The  mucous  membiaae  of 
the  inverted  organ  is  frequently  inflamed,  particularly  when  the  inversion  is  complete- 
The  epithelium  may  become  squamous  and  lamellated  in  type. 

llEttNi'K  of  the  uterus  are  rare.  Ventral  hemiit  may  occur  during  the  latter  months 
of  pregnancy,  the  peritoneum,  aponeuroses,  and  skin  being  forced  outward  to  form  a 
sac  in  which  the  uterus  lies.  Cnirnl  hrrnia  are  produced  by  the  drawing  down  of  the 
uterus  and  ovaries  into  the  sac  of  an  intestinal  hernia.  Inguinal  hernia  may  be  pro- 
duced In  the  same  way  or  be  congenital.  iKhialic  hernia  has  been  seen.  Pregnancy 
may  occur  in  the  uterus  while  it  is  within  a  crural  or  inguinal  hernia. 


BTTFTTntE  AND  PBBFOBATION. 

Hnpttue  of  the  unimpregDated  uterua  is  rare.  It  may,  however, 
occur  when  the  uterine  cavity  is  distended  with  blood  or  senitu,  or  iu 
connection  with  large  myomata  of  the  uterine  walls. 

In  the  gravid  uterus  ruptures  have  been  seen  in  nearly  every  month 
of  pregnaofiy,  but  most  frequently  toward  the  eud.  The  rupture  may  be 
due  to  a  thinuiiig  of  the  uterine  wall  by  tumors,  or  by  violent  contusions, 
or  as  the  result  of  cicatricial  contractiou  of  the  os. 

It  most  frequently  takes  place  in  parturition.  Malpositions  of  the 
fcetus,  narrowing  of  the  pelvis,  protracted  labor,  thinning  of  the  uterine 
wall  from  tumors,  forcible  use  of  the  forceps  and  other  instruments,  are 
the  ordinary  causes.  The  rupture  may  be  in  the  body  of  the  uterus  or 
the  cervix,  or  both ;  it  may  be  large  or  small ;  it  may  extend  completely 
or  only  partly  through  the  nteriue  wall.  The  consequences  of  partial 
rupture  are  biemorrhage,  gangrenous  inflammation  of  the  edges  of  the 
rupture,  peritonitis,  and  usually  death.  In  rare  cases  the  rnpture  cica- 
trizes and  the  patient  recovers.  Complete  rui>tnre  usually  leads  to  death 
in  a  short  time.  The  foetus  may  escape  partly  or  completely  into  the 
abdominal  cavity.  If  the  patient  survive  the  immediate  shock,  fatal 
peritonitis  usually  soon  ensues.  In  rare  cases  the  fuetus  is  shut  in  by 
adhesions  and  the  patient  survives. 

PerfoTRtlons  of  the  uterus  may  be  produced  by  carcinoma,  by  ab- 
scesses in  its  neighborhood,  and  by  ovarian  cysts. 


HTPER2UIA-UTEBINE  AND  PEBI-TTFEBINE  HJEHOBBHAOS. 

Hypenemia. — Aside  from  the  active  menstmal  hypenemia,  the  uteins 
may  be  hyperiemic  in  acute  and  chi'onic  inflammation,  as  a  result  of  dis- 
pW^ement  of  the  organ,  and  in  certain  forms  of  heart  disease.  The  oi^an 
is  nsnally  enlarged,  the  mucous  me mbrane  swollen,  and  the  veins  are  more 
or  less  evidently  dilated.     (Edema  may  be  a.isociatcd  with  hypenemia, 

Hsemorrba^, — Effusion  of  blood  into  the  cavity  of  the  nterus  occurs 
normally  at  the  meustrual  periods.  For  the  abnormalities  to  which  this 
function  is  subject  we  refer  to  works  on  gyniecolog^-.  Effusions  of  blood 
at  other  than  the  menstrual  periods  may  be  associated  with  mechanical 


,vGoo(^[c 


THE  EEPKODUCTIVE  OEGANB  OF  THE  FEMALE.  669 

hyperemia,  hasmorrhoids,  acute  hypersemia,  intrauterine  polypi  and 
other  tniuora,  acute  aud  chronic  intlammatioii,  tyi>hus  fever,  scurvy,  etc., 
ulcerating  c^ii'cinoma,  abortions,  and  miscarrii^. 

A  peculiar  form  of  hiBinorrh^e  results  iu  the  so-called  pohjpoid  h^vta- 
touut,  or  fibrinotis  polyp.  It  occurs  after  parturition  and  after  abortions. 
The  portion  of  the  uterine  wall  where  the  placenta  was  attached,  with  or 
without  a  portiou  of  retained  placenta,  forms  the  point  of  attachment  of 
the  pedicle  of  the  tbrombns.  A  bloody  mass  is  firmly  attached  by  a 
pedicle  to  the  nteriiie  wall;  the  uterna  enlarges  with  its  formation,  the 
cervix  is  dilated,  and  tlie  thrombus  may  project  into  and  fill  the  vagina. 
The  formation  of  such  a  thrombus  is  accompanied  by  re])eated  hfemor- 
rhages. 

Hiemorrhage  in  the  substance  of  the  uterus  occurs  iu  arterio-sclerosis. 
The  mucous  luembrane  and  uterine  wall  or  the  cervix  aro  infiltrated  with 
blood,  and  there  may  be  blood  iu  the  uterine  cavity. 

Peri-uterine  or  Betro-nteiijie  Hmnatocele  consists  iu  an  accumulation  of 
blood  around  the  uterus  or  in  Doughis'  cnlde-sac.  The  hiemorrhiigic 
mass  may  t)eeome  encapsulated  with  fibrous  tissue,  or  may  soften  or 
suppurate  and  perforate  into  rectum  or  vagina,  or  may  be  absorbed. 
A  form  of  extraperitoneal  hiematocele  is  desciibed  iu  which  the  blood 
lies  between  the  folds  of  the  bioa*!  ligament.  The  extravasation  may 
proceed  from  hjemorrhage  of  any  of  the  alKlomi'ual  viscera  or  rupture  of 
aneurtsiiis;  from  vascular  uew-formed  false  inembmnes;  from  rupture  of 
the  varicose  veins  of  the  broad  ligaments;  from  rupture  of  hiemorrhagic 
cysts  of  the  ovaries;  from  the  Fallopian  tubes  in  tubal  pregnancy  or  in 
hiemtitotuetra ;  or  from  general  causes,  such  att  scurvy,  purpura,  etc.  In 
some  cases  the  extravasation  begins  at  a  menstrual  period,  and  increases 
at  the  succeeding  jwriods. 

Ante-nterijie  Hematocele  is  of  occasional  occurrence,  either  in  connec- 
tion with  the  retrouterine  form  or  when  the  posterior  cul-de-sac  is  ob- 
literated. 

ATBOPHT,  DEOENERATION,  ETO. 

Atrophy  of  the  uterus  oceui-s  as  a  physiological  i)roeess  iu  old  age. 
It  may  be  associated  with  severe  general  or  infectious  diseases  or  follow 
removal  of  tlie  ovaries.  It  may  follow  pregiuiucy  apparently  as  an  ex- 
cessive involution  process. 

Fatty  Degeneration. — This  may  occur  in  conuection  with  inflammat4>ry 
changes,  in  acute  infectious  disea.st's,  and  iu  ]>hosphorus  poisoning. 

Amyloid  D^eneration  in  the  nt4'rns  is  of  I'are  occurrence.  It  may 
affect  the  muscle  fibres  or  the  walls  of  the  blood-vessels. 

Pha^denic  or  Corrodinff  Ulcer. — This  nire  and  little  understood  form 
of  ulceration  usually  occui-s  in  old  age.  It  begins  iu  the  cervix  and 
gradually  exteiuls  until  it  may  destroy  the  greater  part  of  the  uterus  or 
even  invade  the  bladder  and  rectum.  Tlie  ulcer  is  of  irregular  form ;  its 
base  is  rough  and  blackish,  its  walls  are  indurated.  It  siionld  not  be 
coufonuded  with  carcinomatous  ulcer,  which  it  considerably  resembles. 
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INFLAHHATION.    (UetritU  and  Endometritia.) 
L  Inflammation  of  the  Unimpeegnated  TJtebub. 

Acute  Catarrhal  Endometritis. — In  thia  disease,  which  in  ita  lighter 
grades  may  leave  but  little  alteration  after  death,  tlie  mucous  membraDe 
is  swollen,  hypenemic,  and  sometimes  the  seat  of  panctate  hremorrhages. 
The  epithelium  may  be  degenerated  and  may  desquamate,  and  the  mucasa 
contain  au  undue  quantity  of  small  spheroidal  cells.  The  surface  is  more 
or  less  thickly  covered  with  mucopurulent  exudate.  lu  severe  cases 
Bhreds  of  mucous  membrane  may  be  exfoliated.  The  lesiou  is  usually 
most  marked  in  the  mucous  membrane  of  the  body,  but  may  involve  the 
cervix  at  the  same  time,  or  the  cer\-ix  alone.  The  body  of  the  uterus 
may  be  swollen  and  hypenemic. 

In  EndmnetrUia  exfoliativa  (membranous  dysmeuorrhoea)  there  may  be 
an  expulsion,  with  more  or  less  blood,  of  membranous  masses  cousistiug 
of  fibrin  mingled  with  blood  and  pus  cells,  or  consisting  of  exfoliated 
superficial  layers  of  epithelium.  Thisexfoliatedepithelium  isfreqnently 
much  flattened  so  as  considerably  to  resemble  the  vaginal  epithelium. 
When  the  shreds  are  large  the  openings  of  the  uteiine  glands  may  be  seen 
as  perforations.  * 

Acute  catarrhal  inflammation  of  the  uterus  may  be  due  to  injurj-,  ex- 
posure during  me ustr nation,  gonorrhoeal  infection,  local  infection  with 
other  bacteria, '  or  it  may  accompany  the  general  acute  infectious  diseases. 

Chronic  Endometritis. —This  may  be  a  continuation  of  an  acute  inflam- 
mation or  begiu  as  a  chronic  process.  In  some  of  the  lesser  degrees  of 
inflammation  but  slight  changes  are  found  after  death.  The  mucous 
membrane,  on  the  other  hand,  may  be  swollen,  hypenemic,  and  covered 
with  mucopurulent  exudation.  In  other  cases  there  is  more  or  less  well- 
marked  thickening  of  the  mucous  membrane,  which  may  present  a  smooth 
or  a  rough  papillary  surface  or  polypoid  outgrowths. 

The  thickened  mucous  membrane  may  show  on  microscopical  examina- 
tion considerable  hyperplasia  of  the  uterine  glands.  These  may  be  fairly 
normal  aud  regular  in  type ;  or  the  epithelial  cells  may  be  much  increased 
and  irregularly  massed  withiu  the  tubules  (Fig.  423);  the  hyperplastic 
glands  are  often  contorted,  forming  irregular  spirals  (Fig.  424).  The 
iuterglaudular  stroma  of  the  mucosa  may  be  little  changed  or  much 
thickened ;  it  may  be  deuse  or  very  loose  in  texture  and  formed  largely 
of  small  fusiform  and  spheroidal  cells.  It  is  often  extremely  vascular 
and  may  be  the  seat  of  interstitial  hcemorrhage.  If  there  be  considerable 
growth  of  new  gland  structure  the  condition  is  called  "giandidar  hyper- 
plaaia  "  of  the  mucous  membrane.  It  is  often  difficult  in  the  microscopical 
examinations  of  small  portions  removed  from  the  uterine  mucous  mem- 

'  See  DtWitf.  Am,  Jour,  of  Obstetrics,  vol.  ulii.,  1900,  bibliography. 

'  For  an  account  with  bibliography  of  the  bacteria  ot  the  vagina  see  FiHwnw,  Am. 
Jour,  of  Obstetrics,  vol.  xxxvili..  No.  4,  18S8;  for  bacteria  of  noD-preguant  uterus  see 
Miller.  Johns  Hopkins  Hosp.  Bulleiia,  vol.  \.,  p.  29.  1899,  bibliography ;  also  reference 
to  Wadmoorth,  p.  B75. 
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braae  by  curetting  to  decide  whether  the  lesion  he  a  simple  glandnlai 
hyperplasia  or  adenoma.  In  fact  glandnlar  hyperplasia  may  apparently 
lead  to  so  excessive  and  unrestrained  a  growth  of  glandntar  structures  in 


tia.  «i3.-CRttO!(IC  ENDOHtTRITTS.  BKOWINQ 


the  mucous  membrane  as  to  Justify  the  dcBignatioD  adenoma  or  nudiffnant 
adenomatau*  hyperplana. 

Sometimes  a  thick  layer  of  new- formed,  very  vascular  tisane  develops 
over  the  surface  of  the  mucous  membrane,  largely  covering  in  the  uterine 
glands  {'Pig.  425).  From  the  decomposition  of  extravasated  blood  in 
the  mucous  membrane  the  latter  may  be  mottled  with  brown  or  black. 
The  glandular  elements  of  the  mucosa  may  be  partially  or  almost  entirely 
destroyed.  Occasionally  the  glands  are  dilated,  forming  numero\is  smalt 
cysts  which  may  project  from  the  surface.  The  papillte  of  the  cervix 
may  be  hypertrophied,  the  mucous  follicles  swollen  and  their  outlets  ob- 
structed, leading  to  the  formation  of  the  so-called  ovula  Nabotbi.     The 
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uterine  wall  becomes  fliioeid  aiid  atrophied,  or  it  may  be  liyperplasfic 
esi>ecially  in  the  cervical  portion.  Ulceration  of  the  nui&nis  membrane, 
especially  of  llie  cenix,  ii'iay  occur.  There  may  be  contraction  or  oblitera- 
tion of  the  cervical  caual. 

Fibrous  hyperi)lasia  of  the  cervix  witli  ectasia  of  the  NabothiaD 
glands  and  thickening  and  erosion  or  ulceration  of  the  mucous  membrane 
is  a  frequent  condition  at  the  climacteric  period  (Fig,  426).  Underthese 
conditions  both  the  clinical  manifestations  and  the  general  appearance  of 
the  cervix  on  inspection  often  suggest  the  existence  of  cancer. 

Chronic  endometritis  may  occur  at  any  age,  but  is  most  fi-equent 
after  puberty,  and  is  due  to  a  great  variety  of  conditions.     It  may  occur 


in  ill-nourished  persons  or  in  those  suffering  from  exliausting  diseases. 
It  may  follow  displacements  and  tumors  of  the  uterus,  subinvolution, 
injuries,  etc. 

CroDpoiu  Endometritis. — This  form  of  inflammation  is  not  very  com- 
mon. It  occasionally  occurs  in  the  puerperal  titenis,  and  in  acute  infec- 
tious diseases.  It  sometimes  involves  the  vnha,  vagina,  and  Fallopian 
tubes.     It  may  coexist  with  croupous  inflaniniation  of  the  colon. 

Tuberculous  Endometritis. — This  is  rare  and  usually  occurs  as  part  of 
tuberculous  inflammation  of  the  genito-urinai-y  tract.  A  part  or  the 
whole  of  the  canity  of  the  uterus  may  be  lined  with  a  rough,  yellowish 
or  gray,  caseous  mass,  which  may  deeply  involve  the  muscular  walls  of 
the  organ.     At  the  edges  of  the  ulcerating  caseous  areas  there  may  be 
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miliary  tubercles,   or  these  may  be  scattered  through  the  otherwise  in- 
tact mucosa. ' 

Syphilitic  EndometritiB. — Tliis  is  usually  conflued  to  the  cervical  por- 
tioD,  aud  is  characterized  by  shallow  or  deep  ulcerations  aud  condylomata 


FIG.  1%— FIBROUS  AND  GLANDULIR  HVPKnPLASIjl  OF  THR  CERVIX   UTISI. 

The  Ofiure  sbovs  one  side  of  ihe  cervix  In  lunKtludinal  eerlioD.  The  nbrous  tbsup  at  xhe  centi  is  t 
tnee  and  UiB  walls  o!  the  blood-vissels  stk  Ihlokenpd.  There  Is  hyptrplasla  o(  Ihe  glands  of  the  cerv 
m&i  with  erosloa  ut  the  surtaiv  e|>ltbe11iiin.    The  Nabolhlui  Rlanda  are  dtHtended  with  i^lear.  jtlHlry  Oi 


of  the  mucous  membrane ;  or  there  may  be  a  diffnse  thickening  of  the 


Acute  Hetritis  is  usually  associated  with  acute  catarrhal  eudometritis. 
The  oi^au  is  swollen,  succulent,  congested ;  the  mucous  membrane  covered 
with  muco-pus ;  the  peritoneal  coat  congested.  There  may  be  small  ex- 
travasations of  blood  in  the  wall  or  cavity  of  the  uterus.  The  inflamma- 
tion, in  rare  eases,  becomes  suppurative,  and  abscesses  are  formed  in  the 

'  For  bibliography  see  Oui^n,  Johns  Hopkins  Hospital  Reports,  vol.  iv,,  p.  441,  1895. 
43 
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uterine  wall ;  these  may  perforate  into  the  peritoneal  cavity  or  into  the 
rectum. 

Chronic  Metritii  may  follow  a«ut«  metritis  or  accompanicB  acate  or 
chronic  endometritis,  and  is  dependent  upon  similar  conditions:  snbin- 
volntion,  displacements,  tumors,  active  irritants,  etc.  The  ntenis  is  en- 
larged, the  wall  congested,  thickened,  and  soft,  or,  owing  to  the  new 
formation  of  connective  tissue,  bard  and  dense.  The  lesion  may  be  most 
marked  in  the  body  or  in  the  cervical  portion. 

Perimetritis. — The  peritoneal  coat  of  the  atems  may  be  inflamed,  with 
the  production  of  membranous  adhesions  or  of  pus.  The  adhesions  may 
be  small  or  very  extensive,  and,  owing  to  their  contractions,  may  canse 
various  distortions  and  displacements  of  the  pelvic  organs.  The  inflam- 
mation is  usually  an  accompaniment  of  chronic  metritis  and  endometritis. 
In  prostitutes  such  adhesions  are  of  very  common  occurrence. 

Faramethtii. — The  connective  tissue  about  the  uterus,  between  that 
organ  and  the  reflexions  of  the  peritoneum,  may  be  the  seat  of  suppura- 
tive inflammation.  It  most  frequently  ends  in  death,  but  may  result  in 
the  formation  of  dense  connective  tissue  abont  the  utems. 

II.  Inflammation  of  the  Pregnant  TJtbeus. 

The  forms  of  inflammation  which  have  just  been  described  may  also 
occur  in  the  pregnant  uterus.  Catarrhal  endomebitis  may  lead  to  effusion 
of  serum,  extravasations  of  blood,  and  abortions.  Metritis  may  lead  to 
softening  of  the  uterine  wall,  so  that  rupture  takes  place  during  labor. 
Perimetritis  and  parametritis  produce  adhesions  and  abscesses  about  the 
uterus. 

Infeotiou  Inflammation  (Puerperal  Fever), — For  a  week  or  more  after 
delivery  the  inner  surface  of  the  still  dilated  uterus  is  rough,  especially 
at  the  insertion  of  the  placenta,  and  covered  with  dark  shreds  of  blood, 
mucous  mcinbr^ne,  and  placenta.  This  condition  should  not,  as  is  some- 
times the  case,  t>e  mistaken  for  inflammation  or  gangrene. 

As  a  result  of  injury  to  the  utenisor  vagina  during  or  after  delivery, 
and  the  action  of  bacteria  which  may  gain  access  to  the  tissues,  in  this 
vulnerable  state,  the  puerperal  uterus  is  liable  to  become  the  seat  of  a 
series  of  severe  and  often  destructive  inflammatory  and  necrotic  changes. 
These  may  be  confined  to  the  aterus ;  they  may  induce  serious  alterations 
in  surrounding  parts ;  they  may  lead  to  an  involvement  of  the  peritoneum 
or  to  septicffimia  or  pysemia  and  its  accompanying  lesions  in  the  most 
distant  parts  of  the  body.  In  some  cases  a  more  or  less  extensive  gan- 
grenous iufiammatiou  of  the  mucous  membrane  and  the  underlying  parts 
may  lead  to  the  casting-oEf  of  lai^er  and  smaller  shreds  of  necrotic  tissue 
and  the  formation  of  deep  and  spreading  ulcers,  which  may  be  accom- 
panied by  severe  parametritis  and  fatal  peritonitis.  In  other  cases  the 
inflammation  is  croupous,  and  may  affect  the  vagina  leading  to  necrosis, 
gangrene,  ulceration,  or  peritonitis. 

In  connection  with  either  of  the  above  forms  of  inflammation,  or 


Digitized  byGoOgIC 


THE  KEPRODUCTIVE  ORGANS  OF  THE  FEUALB.  675 

without  them,  there  may  be  tliromhosis  of  the  uteriue  sionses,  piimlent 
inflammatiOD  of  the  veins,  suppnratioD  and  abscess  in  the  uterine  wall, 
suppurative  inflammation  of  the  ovaries  and  tubes,  and,  owing  to  the 
generalization  of  the  infectious  material,  metastatic  abacesses  in  the  lungs, 
spleen,  kidneys,  etc.  Or  acute  pleurisy,  ulcerative  endocarditis,  ery- 
sipelas, purulent  inflammation  of  the  joints,  hyperplastic  swelling  of  the 
spleen  and  lymph-nodes,  thrombosis  or  throm bo- phlebitis  of  the  saphen- 
ous veins,  et«.,  may  follow.  In  some  cases  which  rapidly  pass  to  a  fatal 
termination  the  local  lesions  may  be  but  slightly  marked,  and  general  al- 
terations characteristic  of  pyiemia,  such  as  metastatic  abscesses,  ete.,  be 


FiQ.  427.— Uterine  PHLEBurs  ri 
Deatli  Dine  dsjs  aCler  delivery.   Micrococci  [n  tbe  vsllg  of  tbe  luaBnied  reins  alalo^  violet. 

entirely  wanting.     Death  is  in  such  cases  apparently  due  to  toxieniia  or 
septiciemia. 

Bacteria  are  usually  present  in  the  exudate,  in  the  lymph-vessels, 
veins,  and  inflamed  tissue  of  the  uterus  (see  Fig.  427) ;  often  in  enormous 
quantities  in  the  peritoneal  exudation  and  in  the  metastatic  inflammatory 
foci.  Streptococcus  pyogenes,  the  gonococcus,  B.  aerogenes  capsulatus, 
and  the  colon  bacillus  are  the  most  frequent  excitants  of  the  lesion.' 

TtmOBS. 

Fibromata. — Dense  nodular  fibromata  of  the  uterus  are  rare,  the  so- 
called  fibromata  being  in  most  cases  myomata  or  fibro-myoraata.  Fibroma 
papUUire,  on  the  other  hand,  is  a  common  form  of  growth  from  the  mu- 

'  Consult  Wadmeorfh.  "On  Puerperal  Infection,"  Am.  Jour  of  Obstetrics,  vol.  xlHi., 


1901. 
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cous  membrane.  It  consists  of  a  moi'e  or  less  vascular  coBnective-tissue 
stroma  covered  witb  epithelium.  The  surface  may  be  smooth  or  villoos. 
It  may  coiitaiu  veiy  numerous  gland  follicles,  aud  then  approaches  the 
type  of  adenoma,  or  even  carcinoma.  The  stroma  may  be  loose  and 
succulent,  and  resemble  mueons  tissue,  forming  the  so-called  mvcoua 
polypi.  In  any  of  these  forms  the  blood-vessels  may  be  abundant  and 
dilated,  forming  telangiectatic  or  cavernous  polypi.  The  adenomatous 
polypi  may  become  cystic  from  the  dilatation  of  the  gland  follicles. 

Polypi  of  tlie  uterus  may  be  multiple  or  single,  small  or  large. 
Kumerons  smaller  and  lai^r  papillary  outgrowths  from  the  mucous 
membrane  may  occur  in  chron- 
ic endometritis.  Single  polypi 
may  grow  from  the  mucosa  of 
the  body  of  the  uterus  or  from 
the  cervix,  and  hang  by  a  long 
pedicle  down  into  the  vagina. 

The  large  number  of  glan- 
dular structures  in  many  of 
these  chronic  inflammatory, 
papillary,  and  polypoid  out- 
growths (Fig,  428)  often  jus- 
tifies the  name  of  adenomatous 
hyperplasia  of  the  mucous 
membrane  or  of  adenomatous 
papillomata  or  polyps. 

Syphilitic  papillary  growths 
in  the  form  of  pointed  condy- 
lomata may  form  finely  papil- 
lary, wart-like  excrescences  of 
variable  size,  particularly  on 
the  cervix. 

Kyomata,  —  These  tumors, 
whose  characterLstic  structural 
elements  are  smooth  muscle 
cells  (.see  Fig.  173),  are  the 
most  common  of  uterine  tumors 
and  while  frequently  of  little 
practical  importance  are  sometimes  of  serious  import.  They  are  espe- 
cially common  in  negroes.  They  are  most  frequently  composed  of  both 
muscular  and  fibrous  tissue — fibromyomata— but  the  relative  amount  of 
the  two  kinds  of  tissue  is  subject  to  great  variation.  They  are  most  apt 
to  occur  after  puberty,  and  usually  in  advanced  life.  They  may  be 
single  or  multiple,  small  or  of  enormous  size;  are  usually  sharply  cir- 
cumscribed, whitish  or  pink,  dense  and  hard,  or  sometimes  soft,  and  pre- 
sent on  .section  interlacing  bands  or  irregular  masses  of  glistening  tissue. 
Their  favorite  situation  is  in  connection  with  the  body  of  the  uteniB, 
but  they  may  occur  in  the  cervix  or  in  the  folds  of  the  broad  ligamenta. 
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Accordiug  to  their  positiou  we  may  distiuguiKb  subserous,  submucous, 
aud  iiiti;^parietal  forms. 

The  subserous  myomata,  often  multiple,  grow  froiu  the  outer  muscular 
layers  of  the  uterus  in  the  form  of  Mttle  nodules.     As  they  increase  in 
size  they  may  become  separated  from  the  uterine  wall  aud  remain  at- 
tached only  by  a  narrow  pedicle  or  by  a  little  connective  tissue;  or  may 
even  be  entirely  free.     They  may  work  their  way  between  the  folds  of 
the  broad  ligament  until  they  are  at  some  distajiee  from  their  point  of 
origin.     The  tumors  may  Ijecome  very  lai^e,  but  remain  firmly  attached 
to  the  uterus;  this  organ  may  then  be  di-awn  upward,  the  cervix  and 
vagina  being  elongated  and  narrowed.     Tbetraction  may  be  so  greatthat 
the  body  of  the  nlerua  is 
entirely    separated    from 
the  cervix.     The  bladder 
may  also  be  drawn  up- 
ward. 

The  submucous  myomata 
grow  from  the  inner  mus- 
cular layers  of  the  uterine 
wall,  most  frequently  in 
the  fundus.  They  may 
project  into  the  uterine 
cavity  and  remain  sessile 
or  become  pediculated  ; 
the  uterus  dilates  with  the 
growth  of  the  tumor,  and 
its  wall  may  also  be  thick- 
ened. 

They  are  usually  single, 
although  there  may  be  at 
the  same  time  subserous 
and  intraparietal  tumors. 
They  are  frequently  soft. 
If  tliey  are  of  large  size 

and    polypoid     in     form,  ^i"'  «9.-1ntb*p*rikt*l  Mtohata  of  the  UrEsrH. 

they  may  project  through 

the  cervix  and  drag  down  the  fuudus  of  the  uterus,  producing  inversion. 
The  mucous  membrane  cohering  them  may  be  atrophied  or  hyperiemic, 
with  dilated  blood-vessels,  and  may  thus  give  rise  to  severe  and  repeated 
hiemorrhiiges.  In  some  cases  the  pedicle  of  a  tumor  is  destroye<l  and  it 
is  spontaneously  expelled. 

The  wtrapat-itial  myomata  grow  in  the  substaiice  of  the  uterine  wall, 
but,  if  they  attain  a  lai^e  size,  project  beneath  the  serous  or  the  mucous 
coat  (Fig.  4^9).  They  are  found  in  every  part  of  the  nteras,  but  are 
most  frequent  in  the  posterior  wall. 

The  shape  of  the  uterus  is  altered  in  a  great  variety  of  ways  by  the 
presence  of  these  tumors;  its  cavity  is  narrowed,  dilated,  or  misshapen; 
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it  undei^oes  dexioa  or  version.     The  tumors  may  sink  downward  aud 
become  attached  to  tlie  posterior  wall  of  the  vaginn. 

Myoniata  niity  iindeigo  a  \ariety  of  secondary  alteratioiis.  The  mus- 
cle iibres  may  undergo /«//^  degeneration  and  the  tumor  diminish  in  size, 
or  may  e^■en  it  is  said  bo  entirely  destroyed.  Calcification  may  occur, 
conveiHiig  a  part  or  the  whole  of  the  tumor  into  a  stony  mass.  The  iu- 
traparietal  and  submucous  niyomata  may  give  rise  to  profuse  hsemor- 
rhages ;  they  msty  suppurate  and  become  gangrenous. 

Sometimes  the  tumors  or  circumscribed  portions  of  them  are  very 
vascular,  constituting  the  Markgiee- 
tatic  or  cnvo-nouit  variety.  These 
tumors,  which  possess  some  of 
the  characters  of  erectile  tissue, 
may  suddenly  change  in  size  from 
a  variation  in  the  amount  of  blood 
which  they  contain.  Larger  and 
smaller  cysts  may  develo])  withiu 
these  tumors— _^>'o-q/«(i(;  tumors. 
These  nuiy  be  multiple  and  may 
communicate;  ttey  may  be  filled 
with  a  clear  or  bloody  fluid.  These 
cystic  myomata  may  i-eacli  an  im- 
Fia.  «ti.-ADiNOMATOM^oH^oLANr.i(.*n  MioMi  m^wm  sizB  and  fill  the  abdominal 
cavity.  The  cysts  may  be  lined 
with  ciliated  epithelium, '  Combinatious  of  myoma  and  sarcoma  some- 
times occur — myomt-coma.     Lipumyoma  has  been  descril>ed.' 

Myomata  of  the  cervix  are  rare.  They  nuiy  grow  as  polypi  beneath 
the  mucous  coat,  or  produce  enlargement  of  the  anterior  or  posterior 
lips,  or  may  grew  outward  into  the  abdominal  cavity. 

Itlyomata  of  the  uterus,  either  subserous,  intraparietal,  or  submucous, 
containing  glandular  structures  of  the  type  of  those  in  the  uterine  mucosa, 
are  of  occasional  occurrence  (Fig.  430).  These  glandiilar  or  adenoma- 
tous myomata  are  sometimes  directly  comiected  with  the  uterine  mucous 
membrane,  but  are  often  so  distant  and  so  entirely  separated  from  it  as 
to  justify  the  conjecture  that  they  are  derived  from  some  embryonal  ab- 
normality as.sociated  with  the  development  of  the  Wolffian  body."  Simi- 
lar tumors  have  been  described  in  the  round  ligjiment.' 

Sarcomata  may  occur  ;is  primary  tumors  in  the  mucous  membrane  of 
the  uterus,  either  in  the  form  of  a  diffuse  infiltration  or  as  a  circumscribed 
nodular  or  polyi)oid  mass.  They  frequently  involve  the  muscular  wall, 
are  liable  to  hieniorrlia^e  and  gangrene,  and,  particularly  in  the  dififuae 

'  Ci>ii9uU  momignipli  by  Ih-ens,  "  Ui'bcr  wahru  Epilliel  flllirentle  CysteobilduDg  d. 
Uterus  Mvomeu."  U-ipzig.  18W. 

)|Svc  Knoj;  Jolins  Hopkins  Hosp.  Bull  .  vol.  xH..  p.  318 

'  C'lUeii.  JoLna  Itopklns  Hospital  ItcpoTts.  vol.  vi..  p.  133  ISOT,  bibi  ;  also  Cullfn. 
MoDOfiraph  as  siippli'mciit  to  Orth's  "  Fcslsclirift."  1903. 

'  Ciitha.  Bull  Jolins  Hopkins  Hiwpilal  Iteports.  vol  U..  p.  143  1898.  bibl  :  also 
Blumer.  Am,  Jour.  Obstt iritis,  vol.  sxxvii..  ]<   37,  1R98 
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form,  are  liable  to  recur  aft*r  rginoval.  They  may  consist  largely  of 
Bpiudle  or  spheroidal  cells,  or  both.  It  is  said  that  sarcoma  of  the  utems 
is  more  liable  to  occur  at  au  advauced  age  than  at  au  early  period,  as  is 


ttie  rule  with  sarcomata  of  other  oi^ds.     Giant-celled  sarcomata  have 
been  described. 

Anfrioma. — Cavernous  aogiomata  of  the  wall  of  the  uterus  have  beeu 
described.     Kndothetioma  is  of  rare  occurrence  in  the  cervix.' 

Adenoma. — Between  a  simple  adenomatous  hyperplasia  of  the  mucous 
membrane  of  the 
uterus,  on  the  one 
hand  (see  Figs.  423 
and  424),  and  carci- 
noma on  the  other, 
there  is  noabsolntely 
sharp  morphological 
distinction.  But 
there  is  a  consider- 
able group  of 
growths,  to  which 
the  iiauie  adenotna 
is  properly  applied, 

which  lie  on  the  bor-  fio.  i33.-adenomi  or  tre  uteiipb 

der  /.one  between  the  ^'""^"*' ' ™'"  •""'"'' "' " f'"'!'""'- ""■  ""Pi""^ s™'"'- 

distinctly  benign   and  the  definitely  malignant   new   epithelial -tissue 
growths. 

Many  epithelial -cell  growths  of  the  uterus,  while  adenomatous  in 
structui-e,  are  so  distinctly  malignant,  and  are  so  liable  to  develop  that 
structural  lawlessness  characteristic  of  carcinoma  that  it  has  seemed  wise 
to  many  observers  to  avoid  the  name  adenoma  altogether  and  class  all 

'  Unrdon,  Johns  HopkiDs  Hospital  Biilictin,  vol.  ix.,  p.  186,  1898.  bibliography. 
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the  epithelial  tumors  of  the  uterus  among  the  carcinomata.     Others, 
recognizing  the  beuign  character  of  many  of  tJie  epithelial  tiunors  of  the 
uterus,  have  adoptc<\  a  sharp  distinction  be- 
tween benign  and  malignant  adenoma. 

It  seems  to  the  writer  wise  to  preserve 
here,  as  elsewhere  in  the  body,  the  morpho- 
logical distinction  between  adenoma  and 
carcinoma.  But  in  doing  this  it  should  al- 
ways be  borne  in  mind  that  the  adeuomata 
of  the  uterus,  aa  those  of  the  gastrointestinal 
caual,  may  not  only  be  extremely  malignant 
aa  adenomata,  but  that  the  more  lienign 
forms  are  extremely  prone  to  develop,  both 
in  structure  and  malignancy,  into  carcino- 
mata. In  fact,  in  many  cases  we  can  ex- 
press the  peculiarities  of  structure  iu  these 
tumors  only  by  calling  them  adeuo-oaroi- 
noma. 

The  adeuomata  of  the  uterus  may  begiu 
in  a  simple  hyperplasia  of  the  mucous  mem- 
brane, in  which  glandular  development  is  preponderant  (see  above). 
When   the  tumor  character   becomes  established  this   new  glaudular 
growth   is  commonly  in  the  form  of  irregular,   often  dilated  follicu- 
lar structures  with  a  well-marked  lumeu  lined  with  cylindrical  or  cn- 


Pltl.  .189.— ADENOMA  or  THK  UTKBCS. 

SboniDK  a  nnall  pintlDa  ol  Ihe  epl- 
tbellum  la  FIk.  (BS  more  bbthly  miK- 
DlBed.    Hllotic  ORnree  are  leea  Id  Um 

deeper  Uyen. 


auwlDc  (be  grtw  appearance  of 


adenomslouBluTolTement  at  U 
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boidal  cells.  It  may  develop  in  irregular  papillary  masses  (Fig.  431), 
the  more  or  less  abmidant  fibrous  stroma  being  covered  with  irregular 
layers  of  epitheliom  (Figs.  432  and  433).     The  new  growth  may  project 


Sbaw[nK  Ibe  extension  of  (he  nev  imtwtli  Into  tbe  de«per  portfoDS  af  tbe  cervli.  Tb?  eecUoD  sbows 
one  side  oF  Ibe  cervix.  The  epltbellum  over  Ibe  portlo  TBgloalla  Islnlnel;  In  tbe  rigbt  upperr^lon  Id  Ibe 
Ofcure  la  seen  ■  ragged  ennlon  of  ibc  epllbellum  llDlnK  the  cerrlcsl  canal  aod  llie  exposure  o(  a  ponloa  ol 
Ihe  tumor  grovUi  upon  the  freesurrare. 

from  the  iuuer  surface  of  the  uterus  in  the  form  of  ragged  lobular 
masses  (Fig.  434),  or  it  may  infiltrate  the  submucous  tissues  (Fig.  435). 
Or  growth  in  both  directions  may  occur  at  once. 

The  topographical  features  and  clinical  stories  of  many  adenomata 
of  the  uterus  are  identical  with  those  of  the  infiltrating  and  ulcerating 
carcinomata. 

Coioinoma.' — The  carcinomata  of  the  uterus  commence  most  frequently 
in  the  cenix  and  poitio  vs^inalis,  and  the  most  common  form  is  the 
epithelioma.  The  growth  of  epitheliomata  of  the  cervix  uteri  proceeds 
nnder  three  tolerably  distinct  forms  which,  however,  frequently  merge 
into  one  another. 

1.  The  flat,  ulcerating  epithelioma.  This  form  of  cancer  commences 
as  a  somewhat  elevated,  flat  induration  of  the  superficial  layers  of  the 
cervix,  sometimes  circumscribed,  sometimes  diffuse.  This  induration  is 
due  to  the  growth  of  pings  and  irregular  masses  of  epithelial  cells  into 
the  underlying  tissue  (Fig.  436).  Ulceration  usually  commences  early 
'Consult  for  details  Cullen.  "Carcinoma  of  the  Uterus,"  1900. 
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and  may  proceed  slowly  or  rapidly.  The  edgea  of  the  ulcer  are  irregalar, 
indurated,  aud  somewhat  ele\ated.  The  ulceration  of  the  new-formed 
cancerous  tissue  at  the  edges  is  usually  pr<^ressive,  so  that  the  vaginal 
portiou  of  the  cervix,  the  cer\'ical  canal,  the  vagina,  and  even  the  blad- 
der and  i-ecluni  may  be  involved.  More  or  less  extensive  hiemorrha^:es 
and  necrosis  of  the  base  of  the  ulcer  are  liable  to  occur.  The  entire  cer- 
vix may  l>e  destroyeti, 

2.  In  another  clafw  of  cases  the  carcinomatous  growth  develops  under 
the  form  of  papillary  or  fungous  excresi-enees,  which  may  form  larger  or 
smaller  ma-sses  composed  of  cpitheliomatous  tissue.  Hand-in-hand  with 
this  projecting  growth  there  may  occur  an  epithelial  infiltration  of  the 
underlying  tissue  of  the  cervix.     These  growths  are  often  quite  vascular 


ShoiclntC  ramirflns  epithelial  cell  masses. 

and  may  give  rise  to  severe  hipuiorrhages.     They  may  ulcerate  and  thus 
produce  great  destruction  of  tissue. 

3.  In  still  another  cla.ss  of  cases  there  is  a  more  or  less  deep  infiltra- 
tion of  the  submucous  tissue,  either  diffuse  or  in  circumscribed  nodales, 
with  epithelial  cell  masses.  We  find  at  first,  in  the  vaginal  portion  of 
the  cervix,  in  the  submucous  connective  tissue,  either  nodules  or  a  gen* 
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eral  infiltration  of  a  whitisli  new  growth.     The  cervix  theu  appears  large 
and  hard.     Very  soon  the  mucous  membrane  over  the  new  growth  de- 
generates and  falls  off;  the  superficial  layers  of  the  new  growth  undergo 
the  same  changes.     After  this  the  formation  of  the  new  growth  and  its 
ulceration  go  on  simultaneously,  producing  first  an  infiltration  and  then 
destruction  of  the  cervix,  and  often  of  a  part  of  the  iKidy  of  the  uterus. 
The  growth  frequently  extends  to  the  v^na,  tlie  bladder,  and  the  rectum 
with  the  same  destructive  character,  so  that  we  often  find  the  cer\'ix  and 
upper  part  of  the  vagina  destroyed,  and  in  their  place  a  large  cavity  with 
ragged,  gangrenous,  cancerous  walls 
(Fig,   437).     Less  frequently   the 
pelvic  bones  are  invaded  in   the 
same  way.     Sot  infrequently  the 
ureters  are  surrounded  and  com- 
pressed by  the  new  growth,  so  that 
they  become  dilated.     The  dilata- 
tion may  extend  to  the  pelves  and 
calyces  of  the  kidneys.     The  new 
growth   may  begin   in  the   cervix 
and  extend  uniformly  over  the  in- 
ternal surface  of  the  cervix  and 
of  the   body  of  the  uterus.     The 
entire  uterus  is  converted  into  a 
large  sac,  of  which  the  walls  are 
infiltrated  with   the  new  growth, 
while  the  internal  surface  is  ulcer- 
ating and  gangrenous.     In    some 
cases  there  is  a  considerable  for- 
mation of  new,    dense  counective 
tissne,  so  that  the  growth  has  a 
scirrhous  form. 

In  rare  cases  the  growth  begins 
in  the  upper  part  of  the  cervix  or 
f:o.  437.-f  abcinom*  of  tkk  cEnv.i  Uteri.        j^  ^he  body  of  the  uterus,  while  the 
The  inoiimting  and  uirm.ung' type.  lower  part  of  the  cervix  is  uot  in- 

volved. In  all  of  these  cases  the 
epithelial  cells  of  the  new  growth  follow  more  or  less  closely  the  type  of 
the  epithelial  cells  of  the  part  from  which  they  spring.  But  it  has  been 
observed  that  carcinomata  developing  from  the  mucous  membrane  of  an 
inverted  uterus  may  be  of  the  stiuamous-celled  type. 

In  still  another  class  of  cases,  in  which  the  new  growth  may  be  in  the 
form  of  nodules,  or  diffuse  infiltrations,  or  polypoid  masses,  or  may  pre- 
sent more  or  less  extensive  alterations,  the  cells  are  irregular,  polyhedral 
in  shape,  the  tumor  belonging  to  the  class  of  glandular  or  medullary 
carcinomata  (Fig.  438),  These  also  usually  commence  in  the  cervix, 
and,  according  to  the  views  of  many  writers,  probably  in  the  mucous 
glands. 
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Ill  rare  cases  the  entire  wall  of  tlie  uterus  is  infiltrated  with  the  new 
growth  and  the  orgau  is  much  enlarged.  Gelatinous  earctnoma  sometimes 
occurs,  but  is  rare. 

\\"hile  we  may  for  convenience  rec(^nize  the  above  types  of  carcinoma 
of  the  uterus,  it  should  be  borne  iu  mind,  as  above  stated,  that  they  are 


Fia.  488.— Carcinona  or  thk  Utdiits. 
HeduUaiT  tjpe. 

often  not  distinct,  and  may  merge  into  one  another  or  exist  simultane* 
ously.  Exudative  inflammation  is  of  frequent  occurrenc*  in  these  as  in 
other  tumors  of  tlie  uterus. 

As  a  result  of  the  ulceration  of  these  various  forms  of  carcinoma  recto- 
vaginal fistula  may  be  formed ;  the  lumbar  lymph-uodes  may  be  involved. 


■Fia.  «ft-FRio 


and  metastases  iu   distant  organs  are   occasionally  though   not  often 
formed.     Frequent  and  profuse  hsemorrhages,  gangrenous  destruction  of 
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tissue,  the  absorption  of  deleterious  materials,  etc.,  are  apt  to  lead  to  the 
developiueiit  of  a  more  or  less  profound  aniemia  and  ciichexia. 

Secidnama  HalignmiL — Under  various  names  several  curious  tumors 
of  tlie  uterns  have  been  described  which  resemble  each  other,  but  which 
differ  iu  structures  from  any  of  those  in  the  usual  lists.  They  are,  how- 
ever, most  closely  allied  to  the  sarcomata.  They  all  occur  in  the  uterus 
after  pregnancy,  and  all  appear  to  be  derived  from  remains  of  thedecidua 


FTO.  MO.— DKCmnOKi  MiUONCM— SINOmOlIA. 

or  its  associated  structures  (Fig.  439),  They  frequently  give  rise  to 
hieiuorrhages  and  are  apt  to  form  metastases,  especially  in  the  va^iua 
and  lungs. 

The  structure  of  these  tumors  varies  considerably.  The  most  typical 
forms  consist  of  irregular  clusters  or  trabeculie  of  large  incgular-sJiaped 
cells  with  pi'ominent  nuclei  or  of  masses  of  protoplasm,  as  well  as  of 
smaller  cells.  These  cell.s  and  cell  masses  often  enclose  blood  spaces  (Fig. 
4-10).     There  is  relatively  little  stroma,— sffnei/tiama. 

On  the  other  hand,  some  of  the  tumors  in  which  the  connective- tissue 
elements  more  largely  share  are  appropriately  called  Sarctma  deddno- 
ceUulare. 

>V'bether  these  tumors  are  derived  from  the  foetal  or  from  the  ma- 
ternal tissues  is  not  in  all  cuses  clear ;  perhaps  only  one  or  both  may  in 
the  dififei-ent  cases  be  concerned  iu  the  growth.' 

PABA8ITES  AND  CT8T8. 

Echinococcnfl  has  been  found  in  the  body  and  neck  of  the  uterus,  and 
may  rupture  into  the  peritoneal  cavity  or  into  the  v^na. 

'  For  a  careful  descriptton  and  considemtion  of  these  tumors  consult  the  article  bj 
WiUi-iiiin  in  tlie  Joliiis  Hojikius  IIoBpital  Htports,  vol.  iv.,  p.  461,  1895;  also,  for  sum- 
mary and  full  liibl.,  see  iliiiaer,  Clil,  f.  Palli.,  Bd.  xiii..  1903,  p.  197. 
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Cysts. — Aaide  irom  the  cysts  which  develop  in  tumors  of  the  utems, 
the  mucous  follicles  iu  the  cervix  uteri  are  frequeutly  so  dilated  as  to 
form  cysts  filled  with  a  gelatinous  material  and  more  or  less  epithelium. 
These  cysts  may  be  lai^  or  small,  and  ai^  frequently  called  omiia  Nabothi 
(Fig.  426),  Sometimes  there  is  an  inflammatory  growth  of  new  connective 
tissue  about  these  cysts.  In  other  cases  the  cysts  may  project  from  the 
mueons  membrane  in  the  form  of  polypi.  Similar  changes  are  infrequent- 
ly found  in  the  body  of  the  uterus  from  the  dilatation  of  occluded  aterine 
glands.    Dermoid  cysts  are  rarely  found  in  the  walls  of  the  uterus. 

Lesions  of  the  Placenta.' 

Aside  from  the  variations  from  the  normal  in  size,  shape,  and  posi- 
tion, for  a  description  of  which  we  refer  to  the  works  on  obstetrics,  we 
may  briefly  mention  here  some  of  the  more  imiwrtant  structural  changes 
which  the  placenta  may  undergo. 

BEOENEBATION. 

Fatty  and  amyloid  d^neration  and  calcification  of  the  placental  tissne 
are  of  not  infrequent  o 


This  may  occur  -either  on  the  maternal  surface  in  the  decidna,  or 
between  the  foetal  surface  and  the  membranes,  or  in  the  substance  of  the 
placenta.  The  latter  form  of  haemorrhage  constitutes  the  true  placental 
apoplexi).  This  may  occur  as  the  result  of  rupture  of  a  placental  sinus. 
The  placental  tissue  is  crowded  apart,  and  a  blood  clot,  often  infiltrating 
the  parenchyma,  is  formed.  This  may  lead  to  abortion,  or  the  blood 
may  undergo  disintegration  and  absorption  and  its  place  be  occupied  by 
a  cicatrix.  The  placental  tissae  in  its  vicinity  may  undei^o  fatty  degen- 
eration. Under  other  couditions,  without  evidence  of  rupture  of  the 
vessels,  the  placental  tissue  may  become  infiltrated  with  blood  in  the 
form  of  an  infarction.  In  this,  degenerative  changes  similar  to  the  above 
may  occur,  leading  to  fibrous  induration  of  the  placenta. 

The  so-called  "infarctions"  of  the  placenta  vary  in  size,  appearance, 
structure,  and  origin.  They  are  most  frequently  due,  according  to 
Williams,  to  an  endarteritis  of  the  vessels  of  the  chorionic  ^tIU.  They 
appear  to  be  of  little  significance  when  of  moderate  size.' 

INFLAHKATION.     <FIacentiUs.) 
Supparative  Inflammation  of  the  placenta,  with  the  formation  of  ab- 
sceoses,  is  of  rare  occurrence  as  the  result  of  injury. 

'  For  a  study  of  the  placenta,  normal  and  pathologica].  see  Ed^n,  Journal  of  Pallt. 
and  Bad.,  vol.  ili.,  p.  449,  1896,  and  vol.  Iv.,  p.  265.  1897,  biblioEraphy. 

'For  a  study  of  plarantal  infarcM  see  Williamt,  "Welch  ABnivereary  Contr.  to 
the  Science  of  Mediciue,"  1900,  p.  431,  bibliography. 
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Chronic  Indnrative  Inflammation  of  the  placenta  may  result  in  the  for- 
mation of  circnmscribed  masses  of  cellular  and  loose,  or  dense  and  cica- 
tricial, connective  ti«8ue,  or  in  a  diffuse  formation  of  eouuective  tissue 
which  may  interfere  with  tlie  nutrition  of  tlie  foetus  aiid  cause  abortion. 
The  new-formed  connective  tissue  may  undergo  fatty  degeneration  or 
calcification. 

lu  another  class  of  rases  the  new  connective  tissue  is  formed  mainly 
in  the  walls  of  the  vessels,  particularly  the  arteries.  This  may  occur  in 
circumscribed  portions  of  the  vessels,  leading  to  nodulftr  growths  around 
the  arteries,  or  it  may  occur  extensively  along  the  various  ramifications 
of  the  vessels,  converting  them  iuto  thick  fibrous  cords.  The  change  is 
primarily  in  the  adventitio,  but  all  the  coats  of  the  vessel  may  become 
involved,  leading  to  more  or  leas  complete  obliteration  of  the  lumen. 

Various  proliferative  and  indurative  changes  in  the  placenta  may 
occur  as  the  result  of  ■yphilitic  inflammation. 

Toberooloos  inflammation  of  the  placenta  may  occur  in  connection  with 
other  tuberculous  processes  in  the  mother. 

TUKOBS. 

Fragments  of  placenta  remaining  in  the  uterus  after  delivery  may 
ser\e  as  a  nidus  for  a  blood  thrombus,  or  they  may  undergo  prolifera- 
tion, thus  forming  tumors,  deoidnomata. 

in  hyperiirophy  of  the  villi  of  the  chorion  may  give  rise  to  the  fibrone 
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strnetures  known  as  fibrona  moles.  Wlieu  to  tlie  fibrous  chauge  mncoiis 
degeneration  is  added  the  so-oalled  hydatid  moles  are  formed  (Figs.  441 
and  442).' 


Fin.  i42.— Hydatid  Uoll 
SeellOD  of  a  small  portlnn  sbonlaK  mucoua  andsUghll;  Obrom  [Inue  covered  wlcb  &  la^er  at  epithelial  cells. 

Cysts  of  the  placenta  ni-e  of  occasional  occurrence ;  their  origin  is  in 
most  cases  obscure.' 

The  Ovaries. 

Malfortuatiom. 

Ooe  or  both  ovaries  inay  be  absent,  tlic  other  orgaos  of  geocratlon  being  also  nhsent 
or  uudeveloped;  or  tliey  may  be  only  partially  developed.  Absence  or  arrest  of  devel- 
opnieiit  of  oDe  ovary  occHatoually  occurs  in  otherwise  well-formed  iodividuala,  aod  is 
sonieiirnes  accoaitiHuicd  by  a  low  position  of  [be  kidney  on  Ihc  same  side.  Tlie ovaries 
may  pass  iuto  tlie  iugiiiual  canal  or  into  the  labia  inajora,  and  remain  llxcd  there 
through  life.    Less  frci|ueutly  they  uru  fouud  io  the  crnral  canal  or  the  foramen  ovale. 


Changres  in  Size  and  Position. 

Tfie  ovaries  may  become  larger  than  normal  liy  chronic  inflammation,  by  the 
formation  of  cysts  and  tumors.  They  may  become  atrophied  in  old  age.  the  OraaBaa 
follicles  disiippearing  and  the  organ  shrivelling  into  a  small,  irregular,  fibrous  body. 
Atrophy  may  be  produced  by  ascites,  by  chronic  iuBamnmtlon,  or  from  unlmown 
causes.  As  the  result  of  the  maturing  and  nipturc  of  the  Graafian  follicles,  with  and 
without  pregnancy,  the  stirface  of  tlie  ovary,  ivbicli  before  puberty  is  smooth,  may 
become  roughened  by  irregular  cicatricial  depressions. 

'Consult  Marchand,  Zeits,  f,  Gcburtsh.  u.  Oynftk.,  Bd.  xxxii.,  p.  400;  also  Fraen- 
kel.  Arch,  f.  Oyuak.,  Bd.  x\ix. 

'See  AMfeldt,  Arch,  far  Oynflkolngie,  Bd.  ii.,  p.  897.  Fhumeruxiet.  ibid.,  Bd.  xv., 
p.  843.     nofmeivr,  "  Die  mcnscldiche  Placenta,"  1890. 
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In  adult  life  the  ovaries  may  pass  as  herniK  into  Uie  inguinal  or  cniinl  canal,  tlie 
foramen  ovale,  or  the  umbtlicuB.  Their  position  Id  the  abdomen  may  be  changed  by 
the  pressure  of  tumors,  the  traction  of  false  membranes,  etc.  This  may  occur  In  en- 
Urged  ovaries  or  in  those  of  normal  size,  and  by  the  compression  of  the  veins  may  lead 
to  congestion  and  chronic  inflammation  of  the  organs. 

HVPTeit;B!TirrA   AXTD  HSHOBBHAOB. 

Aside  from  the  normal  byperfemia  of  the  ovaries  daring  menstrna- 
tion,  the  vessels  may  be  congested  in  inflammation,  in  displacements  with 
interference  with  the  venous  circnlatiou,  in  certain  diseases  of  the  heart, 
etc.,  and  may  then  be  followed  by  chronic  inflammation. 

The  menstrual  periods  are  accompanied  by  the  effusion  of  blood  into 
a  Graafian  follicle.  Normally  the  amount  of  blood  is  small,  becomes 
solid,  is  decolorized,  and  then  gradually  absorbed.  Sometimes  the  effu- 
sion of  blood  is  mnch  greater ;  the  follicle  filled  with  blood  is  as  large  as 
a  pigeon's  e^.  The  blood  may  remain  in  the  follicle  and  be  absorbed, 
and  replaced  by  a  serous  fluid,  or  through  rupture  it  may  escape  into  the 
peritoneal  cavity.  Death  may  ensne  from  the  hsemorrhage,  or  the  blood 
may  collect  in  Douglas'  ctU-de-sac  and  become  encapsulated.  Haemor- 
rhages also  occur  in  follicles  which  have  become  cystic.  Interstitial 
hffimorrhage  in  the  ovary  sometimes  occurs  without  known  cause. 

nraXAMMATION.    (OophoritU.) 

Acute  ExudatiTe  Inflammation  of  the  ovaries  occurs  most  frequently  in 
the  puerperal  condition,  either  as  part  of  a  general  peritonitis  or  as  a 
primary  affection. 

With  ptierperal  peritonitis  both  ovaries  are  usually  inflamed ;  they 
are  swollen,  congested,  soft,  infiltrated  with  serum  or  pus,  or  gangren- 
ous. The  lesion  may  involve  principally  the  capsule,  the  stroma,  or  the 
follicles.  Inflammation  of  the  capsule  resulte  in  adbesiona  and  collec- 
tions of  pus,  shut  in  by  false  menibi'anes;  of  the  stroma,  in  abscesses  and 
fibi'ous  induration;   of  the  follicles,  in  their  dilatation  with  purulent 

If  the  inflammation  of  the  ovary  be  the  primary  lesion  it  is  usually 
confined  to  one  organ.  The  stroma  of  the  ovary  is  infiltrated  with  serum 
and  pus,  and  may  contain  abscesses  of  large  size.  In  other  cases  the 
ovary  itself  is  but  little  changed,  but  is  surrounded  by  a  mass  of  fibrin- 
ous and  purulent  exudation.  Such  inde}>eudcnt  forms  of  ovarian  iuflam- 
niation  may  terminate  in  recovery;  or  the  abscesses  may  i)erforate  into 
the  rectum  and  vagina ;  or  the  ovary  is  left  indurated  and  bound  down 
by  adhesions;  or  the  patient  may  die. 

Acute  exudative  inflammation  of  the  ovaries  unconnected  with  the 
puerperal  condition  is  not  common,  but  it  may  occur  in  connection  with 
acute  or  chronic  peritonitis  or  perimetritis,  with  various  infections  dis- 
eases, pyemia,  etc.     It  is  usually  confined  to  one  ovary. 

Chronic  Interstitial  Oophoritis  is  not  infrequently  preceded  by  an  acute 
inflammation,  or  it  may  gi-adually  develop  as  an  indei)eudent  condition, 
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often  determiaed  by  some  mechanical  interference  with  the  blood  enr- 
rent.  The  organ  may  be  increased  in  size,  owing  to  the  formation  of 
loose  cellolar  or  of  dense,  firm,  new  connective  tisene.     Under  these 


PlO.  M3.-OflR0NrC  OOPHOniTIH  WITH  Dilateh  Blood-Vebsels  akd  Ctbts. 
T,  Denje  conncctlTe-Ilwtw  slronui:  l>.  dilated  vdns:  r.  ctsu;  d.  fju  with  gnnular  contenls ;  e.  COTtt 


conditions  the  blood-vessels,  especially  the  veins,  may  be  widely  dilated, 
and  eyste  in  varying  number  and  size  may  be  present  (Fig.  443).     Some- 


?ia.  U4.— Chron[c  OOE^oRiTia  w 


times  tbe  new-formed  dense  connective  tissne  may  be  largely  limited  to 
the  surface  of  the  organ,  so  that  tbe  albnginea  may  become  dense  and 
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tliick.     Under  these  coDdltions  the  surface  of  the  ovary  may  be  smooth 
or  rough. 

On  the  other  band,  the  organ  may  be  smaller  than  normal  as  the  re- 
sult of  the  formation  of  dense  new  interstitial  connective  tissue,  and  its 
surface  greatly  roughened  and  distorted  (Fig,  444).  Sometimes  the  for- 
mation of  new  dense  tissue  may  be  largely  confined  to  the  walls  of  the 
arteries,  which  become  prominent  and  tortuous.  Obliterating  endarte- 
ritis is  not  infreqneut.  The  atrophied  ovary  may  he  largely  made  up  of 
thick-walled  arteries  and  of  fibrous  masses  which  are  the  result  of  incom- 
plete resolution  of  the  corpora  Ititea. 

Occasionally  a  more  or  less  extensive  hyperplasia  of  cells  in  the  corpus 
lateum  leads  to  the  development  of  lai^er  or  smaller  new-formed,  convo- 
luted, nodular  masses  in  the  o\'ary.  which  are  sometimes  regarded  as 
tumors. '  Sarcomata  of  the  ovary  appear  to  originate  in  such  an  hyper- 
plasia (see  Fig.  447). 

Tnbetcolona  Inflammation  of 
the  ovaries  is  rare,  and  may 
accompany  tuberculous  inflam- 
mation of  other  oi^ns,  par- 
ticularly the  peritoneum  and 
Fallopian  tubes.  It  usually 
results  in  the  production  of 
dense  caseous  nodules  of  con- 
siderable size. 

Syphilitic  Tnflammation  in 
the  fonn  of  gummata  is  un- 
common. 

TimOBS. 

Fibroma  is  not  common  nor 
usually  of  great  importance. 
Such  tumors  may  be  small  or 
large.  They  are  usually  dense 
in  texture,  and  seem  often  to 
originate  in  the  tissue  formed 

in  the  closure  of  the  ruptured  _ 

Graafian  follicle.  They  may 
contain  cystsorbeaccompanied 
by  cysts  of  the  surrounding 
stroma.  FnpiUary  Jibromaia  of  the  surface  of  the  ovary  are  not  infre- 
quent (Fig.  446).  They  may  contain  cysts  (Fig.  44o),  and  the  growth 
may  be  transplanted  from  this  situation  to  the  general  peritoneal  surfaces 
(Fig.  348,  page  57:i). 

Chondroma  of  the  ovaries  is  described,  but  is  rare;  cartilage  not  In* 
frequently  occurs,  however,  in  dermoid  cysts. 

'  For  lertiit  studies  on  the  nature  of  the  corpus  lul*um  see  Cohn,  Arcli.  f.  mik. 
Aoat..  Bd.  Ixii..  1»08,  p.  745;  also  FYtunkel.  Arcli.  f.  Oynakol.,  Bd.  Ixviii,,  lft08,  p.  438. 
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Leiomyoma  coutainiug  more  or  less  fibrous  tissne  is  of  occasional  oc- 
currence. 

Barooma  of  the  ovaries  is  not  common.     It  is  nsnally  primary,  and 


FlO.  M8.— PAP1U.0M* 


may  apiwreiitly  develop  from  the  new-formed  cells  of  the  corpus  lutenm 
(Fig.  44T),  but  may  be  metastatic.     It  is  usually  of  the  spindle-celled 


variety,  hut  nijiy  ootitaiu  areas  of  Kpheroidal- celled  tissne  or  more  or  less 
fibrous  tissue.  The  tumors  may  lie  hanl  or  soft,  and  are  apt  to  involve 
both  ovaries.     Eadotlieliomata  may  be  fonnd  in  the  ovaries  (Fig.  449). 
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Caroinoma,  usually  of  the  medullary  variety,  may  occur  as  a  primary 
tumor  of  the  ovary.  It  may  be  due  to  a  coutiuuous  extension  from 
neighboring  oi^ns,  or  more  rarely  it  is  of  metastatic  origin.  Although 
the  medullary  carcinomata  are  the  most  common,  scirrhous,  melanotic, 
and  gelatinous  forms  sometimes  occar.  Some  types  of  carciuoma  stand 
in  very  close  relation  with  certain  of  the  cystic  adenomata  (see  below). 

Adenoma  (Cyatio  Adenoma  ;  Componnd  Ovarian  Cyst). — These  growths, 
which  may  occur  in  one  or  both  ovaries,  form  one  of  the  most  common 
and  important  classes  of  ovariau  tumors.  They  probably  originate  in 
the  gland  epithelium  of  the  ovary  either  before  or  after  the  formation  of 
the  Graafian  follicles.  Some  of  their  most  noteworthy  and  important 
features  depend  upon  their  tendency  to  the  formation  of  cysts.    It  should 


uecv,  Google 


694  THE   EEPRODUCTITE  OBGANS   OF  THE   FEMALE. 

be  remembered,  however,  that  the  primary  lesion  is  a  true  Dew  formation 
of  glandular  tissue,  and  not,  as  iu  the  case  of  most  c>-st8,  a  transforma- 
tion, by  retention  or  otherwise,  of  pre-existing  structures. 

The  growth  primarily  consists  of  a  fibrous  stroma  in  which  are  tnbn- 
lar  follicles  lined  with  cylindrical  epithelium— ^/andM/«r  type.  Or,  in 
some  cases,  it  consists  of  papillary  outgrowths  from  a  fibrous  stroma, 
which  are  covered  with  cylindrical  epithelimu^popi/^ary  type. 

Glandular  CynUidenoma. — There  is,  as  abo^e  stated,  a  marked  ten- 
dency, in  this  foi-m  of  adenoma,  to  dilatation  of  the  follicles  by  a  semi- 
fluid material,  and  the  formation  of  cysts.  There  may  be  a  number  of 
follicles  equally  dilated,  so  as  to  form  a  number  of  cysts  of  moderate  size 
(Pig.  450) ;  or  a  few  follicles  are  greatly  dilated  to  form  a  large  mtJtiJocu- 
hr  cyst  with  but  few  compartments  (Fig.  448).  The  walls  of  the  cysts 
may  fuse  together  and  be  absorbed,  so  as  to  form  one  large  cyst  divided 
by  incomplete  septa — wnUooilar  cysts.  The  stroma  in  which  the  follicles 
and  cysts  Jire  embedded  may  be  lately  developed  or  very  scanty. 


Fio.  449.— Endothelioma  ot  the  Otart. 

The  walls  of  the  larger  cysts  are  composed  of  fibrous  tissue  which  is 
dense  in  the  onter  liiyers,  more  cellular  in  the  inner,  upon  which  the 
epithelium  is  placed.  They  may  be  thin  and  membranous,  or  there  is 
upon  their  internal  surfaces  an  iutraeystic  growth  composed  of  a  fibrous 
stroma  and  tubular  follicles.  These  secondary  follicles  may  also  be  filled 
with  fluid  and  form  lai^er  and  smaller  cysts.  The  intracystic  growths 
may  be  so  large  as  to  fill  up  the  original  cysts.  Sometimes  the  intracystic 
growth  presents  verj'  little  dilatation  of  its  follicles,  so  that  the  entire 
tumor  has  more  the  character  of  a  solid  growth  than  of  a  cyst. 


Digitized  byGoOgIC 


THE   REPKODUCTIVE  OBGANS  OF   THE  FEMALE.  695 

The  cylindrical  epithelium  lining  the  cysts  usually  forms  a  single  layer 
fFig.  451),  but  several  layers  ofteu  irregular  iu  tMckuess  may  form,  and 


Fra.  laX-CTBTiDENOliA  Or  tHI  OVARY— IHDLTILOCULAE  OTiBIiN  CTBT— ADINO^CTSTOUA). 

Tbli  pbotogra^ilc  nproductkia  In  >t>Duc  faur>DrUM  nUuntl  slie. 

owing  to  the  accumulation  of^'fluid  the  cells  may  become  flattened  aud 
atrophied,  or  they  may  be  fatty  or  desquamated.     The  contents  of  the 


Fig.  tfil.— Ctbtadknomi  or  rat  OTiRi— GiaNDDLia  Ttm. 

cysts  differ  considerably  in  different  cases,  and  even  in  different  cysts  in 
the  same  case.  They  may  be  tough  and  ropy,  or  gelatinous  or  serous; 
transparent  and  colorless,  or  yellow  or  reddish,  or  reddish -brown;  or 
they  may  be  turbid  and  colorless,  or  variously  colored — red,  brown,  or 
chocolate. 
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Chemically  the  cyst  contents,  when  thick  and  ropy,  iuclnde  mucin  or 
paralbnmin,  and  perhaps  other  less  well-known  compounds  belonging  to 
the  same  claas.  It  is  probable  tliat  the  contents  of  these  cysts  are,  so  far 
as  the  mucin  and  paralbumin  are  concerned,  produced  by  a  metamor- 
phosis of  the  protoplasm  of  the  lining  cells,  similar  to  that  by  which  the 
mucin  is  produced  in  the  mucous  glands  and  in  mucous  membranes. 
The  cylindrical  cells  oft«u  present  the  form  of  the  so-called  "beaker 
cells,"  and  in  some  cases  the  mucous  contents  of  the  cysts  are  seen  to  be 
coutiuuons  with  the  similar  contents  of  the  beaker  cells.  It  is  probable 
that  much  of  the  fluid  contents  of  the  cysts  comes  from  simple  transu- 
dation. 

Microscopically  the  contents  of  these  cysts  present  also  considerable 
Tariation.     We  may  find  almost  no  structural  elements,  or  there  may  be 


FIG.  4.l2.— CTBTADSNOIIA  or  THB  0T4RT-Pi?ILI.iRT  TTP«. 

red  blood  cells  in  variable  quantity,  and  leucocytes  in  various  stages 
of  granular  or  fatty  degeneration  or  of  disintegration.  There  may  be 
cyliudrical,  or  flattened,  or  polyhedral  cells,  either  well  preserved,  swol- 
len, or  in  a  state  of  fatty  degeneration,  or  fragments  of  these  cells. 
It  is  these  various  forms  of  cells,  often  more  or  less  swollen  and  in  a  con- 
dition of  more  or  less  well-marked  granular  and  fatty  degeneration,  which 
have  been  considered  characteristic  of  the  ovarian  cysts  and  are  some- 
times called  Drysdal^s  corpuscles.  "While,  however,  they  are  of  frequent 
occurrence  under  these  conditions,  they  are  by  no  means  pathognomonic, 
since  we  find  them  in  the  contents  of  various  kinds  of  cysts  and  OAvitiea 
where  the  cells  are  nndeig:oing  degeneration.  In  addition  to  the  above 
structural  elements  we  may  find  free  fat  droplets,  cholesteriu  crystals, 
pigment  granules,  and  more  or  less  granular  detritus.     The  gelatinous 
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material  filling  these  cysts  is  sometimes  called  colloid,  and  the  cysts  are 
frequeotly  called  colloid  cysts. 

KumerooB  secondary  changes  are  liable  to  occur  Id  these  cysts.  The 
cells  may  peel  off,  the  walls  of  the  cysts  atrophy  or  become  calcified. 
Suppurative  iufiammation,  perforation  into  the  peritoneum,  bladder, 
vagina,  or  rectum;  tuemoirhage,  gangrene,  etc.,  may  occur.  As  a  re- 
sult of  chrouic  productive  processes,  the  cyst  walls  may  become  thick- 
ened and  extensive  adhesions  may  form.  Carcinoma  may  develop  from 
these  tumors. 

Papillary  Cydademma. — This  type  of  cystadenoma  was  formerly  re- 
garded as  but  a  variety  of  tlie  form  above  descrit)ed — a  variety  charac- 
terized by  papillary  outgrowths  in  caulifiower-like  tufts  from  the  walla 
of  the  cysts,  which  often  iu  large  degree  fill  the  cyst  spaces  (Fig.  452). 


no.  U3.— Hi'LTiPLi  Fip:lury  Ctbk  or  tbe  Omentum,  Secondaet  to  i  Simclar  GRontK  a  rax 
Tbe  psplLlUT  ouUTOvrUia  are  tbenuKlvse  becoming  sorUDed  Bt  tbeir  ceDCrei,  tornilDtr  wxaaorj  cjsti. 

There  appears,  however,  to  be  sufBcient  evidence,  both  anatomical  and 
clinical,  to  justify  the  separation  of  the  papillary  from  the  glandular 
form  of  cystadeuoma. 

The  papillary  cystadenomata  are  not,  as  a  rule,  as  large  as  the  gland- 
ular form.  The  cysts  are  fewer  and  they  do  not  contain  colloid  material. 
The  papillary  outgrowths  often  break  through  the  cyst  walls,  and  may 
be  transplanted  to  the  peritoneal  or  other  surfaces  in  the  form  of  multiple 
cystic  or  papillary  tumors  {Fig.  453).  The  papillie  and  cyst  walls  may 
be  lined  by  cylindrical  and  often  by  ciliated  epithelium.' 

Foliicalar  CystB  of  the  Ovary. — The  Graafian  follicles  may  be  dilated  so 
as  to  form  cysts.  This  may  occur  in  one  or  both  ovaries,  and  the  cysts 
may  be  small  or  large,  single  or  multiple  (Fig.  454).  They  are  usually 
found  after  middle  life,  but  may  occur  during  youth,  childhood,  or 
a  cyeU  see  Suuell,  Johna  HopkiDB 
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eveu  in  the  fcetus.  The  follicles  dilate  from  the  accumulatiOD  of  fluid 
within  them ;  the  ovum  is  desti-oyed,  the  epithelium  flattened.  The  con- 
tents are  usually  serous  and  colorless,  but  may  be  viscid,  turbid,  purulent. 


le  light  an  old  rorpiu  1ul«um  la  vMble. 

or  variously  colored,  i-ed,  yellow,  or  brown.  The  ovaiy  may  be  crowded 
with  numerous  cysts  of  modenite  size,  whose  adjacent  walls  may  coalesce 
and  atrophy,  formiag  communications  between  them.' 


A  variety  of  this  tyiw  of  cyst  is  formed  by  the  dilatation  of  a  corpus 
lateum  either  with  or  without  the  hyperplasia  of  the  wall. 

I  c.  K<ihl(hn.  Zkglcr'a  Beitr.,  Bd.  xxvii.,  p.  1,  ISOO,  bibliography. 
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Dermoid  CysU. — These  cysts  may  be  uui-  or  mnltilocular,  are  usually 
of  moderate  size,  but  sometimes  become  as  large  as  a  man's  head  or 
lai^er.  Their  fibrous  walla  may  be  thick  or  thin,  aud  portions  of  the 
iatemal  surface  may  present  more  or  less  completely  de\'eloped  cuticular 
stnictnres,  such  as  corium,  papillte,  epidermis,  hairs  and  hair  follicles, 
sebaceous  glands,  etc.  The  cavity  may  contain  a  thick,  whitish,  greasy 
material  composed  of  flattened  epithelium,  fat,  or  cholesteriu  crystals. 
Or  the  cavity  or  walls  may  contain  masses  of  irregularly  formed  liair 
(Fig,  455),  teeth,  bone,  cartilage,  striated  muscle,  and  nerve  fibres  and 
cells.'  Such  growths,  which  are  doubtless  of  embryonal  origin,  may 
exist  for  many  years  without  causing  inconvenience;  but  inflammatory 
changes  may  occur  in  them,  leading  to  adhesions  and  perforations  into 
adjacent  organs.  They  may  form  the  nidus  for  the  development  of  car- 
cinoma, or  they  may  calcify. 

In  addition  to  the  above  described  adenoid,  dermoid,  and  simple  fol- 
licular cysts,  there  are  a  number  of  composite  forms  of  not  infrequent 
occurrence.  Thus,  in  connection 
with  dermoid  cysts  or  separately, 
thei«  may  be  simple  ciliated  cysts  oi' 
those  which  partake  of  the  charac- 
ters of  both  adenoid  and  dermoid 
cysts.  These  may  be  multilocular 
and  be  lined  with  flattened,  cylin- 
drical, or  ciliated  epithelium,  and 
may  contain  epidermal  cells,  choles- 
terin  or  mucin,  etc. 

Small  cysts,  sometimes  pedicu- 
lated,  sometimes  not,  of  doubtful 
origin  and  usually  of  no  special  sig- 
nificance, are  frequently  found  grow- 
ing from  the  broad  ligament  near 
the  ovary.  The  walls  are  usually 
very  thin,  lined  with  flattened  epi- 
thelial cells,  and  the  contents  serous 
(Fig.  mi). 

Teratomata  not  cystic  are  of  occasional  occurrence  in  the  ovary.' 

Cyats  of  the  Parovarium,  lying  between  the  peritoneal  layers  of  the 

broad  ligament,  are  usually  small,  but  may  be  as  large  as  a  man's  head. 

They  are  usually  lined  with  ciliated  epithelium,  but  sometimes  with  flat- 

'  tened  non-ciliated  cells.     The  contents  may  be  serous,  or  may  be  thick 

and  contain  mucin  and  paralbumin. 

'  For  a  sludy  of  tLc  origin  of  dennoid  cysla  of  the  ovary  sec  Amtjiergei;  Virchow's 
Arch.,  Bd.  clvi..  p.  1,  1899,  bibliograpliy. 

'Consult  Witmg,  Ziegler's  Beitr.  z.  path.  Anat.,  Bd.  Jtix.,  p.  367,  1896;  for  a  sum- 
mary of  views  see  Antpaeh.  Bull.  Univ.  Pa.,  xvl.,  1908,  887. 


Digitized  byGoOgIC 


TH£  KEPBODUCriTE  OBQANS  OF  THE  FEIUXE. 


The  Fallopian  Tubea. 

Knlfomutttoiu. 

Absence  of  both  tubes  occurs  with  absence  of  the  uterus.    One  tube  may  be  abseot, 

with  arrested  development  of  the  corresponding  side  of  the  uterus.    Both  tubea  may  be 

iinperfectlj  developed ;   either  of  their  ends  may  be  closed ;   the;  ma;  be  inserted  into 

tlie  ut«nia  at  an  abnormal  place;  they  may  terminate  in  two  or  three  abdominal  ostia. 

Changs  in  Poaition  and  Size. 

The  Fallopian  tubes  may  participate  in  the  various  malpositions  of  the  utenu  and 
ovaries;  but  they  arc  roost  freqiiuiitly  displaced  by  the  contraction  of  adhesions  formed 
in  perimetritic  and  periovarial  inflammations. 

Tlie  lumen  of  the  tube  may  be  partially  or  completely  closed  as  the  result  of  in- 
flammation of  the  mucous  membrane ;  of  peritonitis  about  the  fimbriated  extremity; 


FlO.  «T.— HYDROSALPINX. 

The  Cube  at  tbe  IxtC  la  much  dleWndPd  bul  sllll  tubulsr.    Tlie  lube  ul  tbe  rlgbt  Is  dllaled  to  cjnic  ronn. 

Between  tbe  dlileDded  tubea  b  tbe  landuB  ot  tbe  uterus. 

of  tumors  or  inflammation  of  the  uterus;  or  by  pressure  from  without,  or  by  adbedons, 
tumors,  etc.     U  may  become  stopped  by  plugs  of  mucus  or  pus. 

Dilatation  of  the  tubes  may  be  produced  by  an  accumulation  of  catarrhal  or  other 
exudation,  when  there  is  partial  or  complete  stenosis  at  some  portion  of  the  tube.  The 
dilatation  may  be  mo<lerate,  converting  the  tube  into  a  tortuous,  sacculated  canal  con- 
taining mucous  or  serous  fluid ;  or,  more  rarely,  large  cysts  may  fonn  containing  several 
pounds  of  Hi'roua  fluid — hydmealpinr'  (Fig,  457),  As  the  fluid  collects  the  epithelium 
may  become  flattened  or  fatty  or  may  desquamate.  Inflammation  may  take  place  in 
the  walls  of  the  dilated  tube  and  the  contents  may  be  mixed  with  pus  or  blood.  Rup- 
\  with  full  bibliography  see  OuUen,  Johns  Hopkins 
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ture  of  dilated  tube  somvtimeB  occurs;  or  severe  and  even  fatal  bsmorrbage  maj  take 
place  into  its  cavity.  Papillary  growths  are  sometimes  found  spriagiDg  from  the  iooer 
wall  of  the  cyst. 

Haemorrhage  into  the  tube  may  occur  in  puerperal  women  Tith  retro- 
vereion  of  the  uterus,  with  abortions;  hiematometra  and  tnbal  piq- 
uancy; in  acute  infectious  diseases.  The  blood  may  undergo  degenera- 
tive changes  and  be  largely  absorbed,  or  it  may  escape  into  tlie  peritoneal 
cavity  and  incite  peritonitis. 

nraXAMMATION.    (Salpinffitis.) 

Catarrhal  Inilamfflatioii  of  the  mucous  membrane  of  the  Fallopian  tubes 
commouly  occurs  in  connection  with  endometritis,  frequently  in  the  puer- 
peral condition.  In  the  acute  stage  the  raucous  membrane  is  byperBemic 
and  swollen,  and  covered  with  a  mucous  or  mueo-pnnilent  often  bloody 
exudate.  The  inflammation  may  subside,  leaving  no  lesions,  but  it  more 
frequently  becomes  chronic,  and  may  then  result  in  peritoneal  adhesions, 
thickening  of  the  walls,  obliteration  of  the  tubes,  dilatation,  etc. ;  or  the 
mucous  membrane  may  undergo  byperph^ia  with  papillaiy  outgrowth. 
Such  papillary  masses  may  partially  coalesce,  forming  on  the  accumula- 
tion of  fluid,  cyst-like  cavities  lined  with  epithelium.  Hyperplasia  of 
the  muscle  wall  of  the  tube  may  be  associated  with  these  conditions.' 

Bnpporativfl  Salpii^tis. — Catarrhal  inflammation  of  the  mucous  mem- 


brane maya-saume  a  suppurative  character,  sometimes  in  connection  with 
puerperal  metritis  and  peritonitis,  and  often  as  a  result  of  gonorrhceal 

'Consult  Itiei.  Jour.  Exp.  Mod,,  vol.  ii..  p.  847,  1897,  bibliography. 
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infection.  Under  these  conditions  the  wall  of  the  tube  may  be  involved 
and  pus  may  exude  from  the  abdominal  ends.  It  is  difficult,  in  many 
cases  of  snppurative  salpingitis  associated  with  peritonitis,  to  say  which 
is  the  primary  lesion. 

If  the  abdominal  end  of  the  tube  be  closed  by  adhesions  or  otherwise 
there  may  be  a  considerable  collection  of  pus  in  the  tubes,  causing  dila- 
tation— pijomlpinx  (Figs.  458  and  45!t),  Such  a  collection  may  rupture 
into  the  i)eritoneal  cavity,  or  the  jiiis  mny  escape  into  a  ca\'ity  shut  in  by 


no.  tse.-Pvo^ALP]M. 

Bbowing  a  Cfit-tlke  d[at«altoii  o(  Ibe  oRrluded  tube. 

adhesions,  or  may  perforate  into  the  intestine  or  bladder.  Or  it  may 
dry  and  finally  become  calcified. 

Suppurative  salpingitis  is  most  commonly  incited  by  the  gonococcus 
or  the  jiyogenic  bacteria. 

Tuberculous  Salpingitis. — The  lesions  are  most  frequently  seen  in  the 
later  stages  of  the  process,  when  the  mucous  membrane  is  partially  or 
entirely  converted  into  a  thick,  cjiseoiis,  often  ulcerating  layer  (Fig.  460). 
The  lumen  of  the  tubes  may  be  dilated,  and  the  walls  thickened  from 
chronic  inflammation.  This  lesion  may  occur  by  itself,  or  may  be  asso- 
ciated with  tuberculous  iufiammatiou  of  the  lungs,  or  of  the  other  genito- 
urinary organs,  or  of  the  peritoneum.  It  usually  commences  at  the 
abdominal  ends  of  the  tubes,  and  both  tubes  are  apt  to  be  involved. 

fiyphilitio  Inflammation,  mauifested  by  a  diffuse  fibrous  thickening  of 
the  wall,  has  been  described. 

TtraCOBS. 

Small  fibromata  and  fibro-m7omata  sometimes  occur  in  the  wall  of  the 
tubes  or  in  the  fimbria.     Small  Upomata  have  been  seen  between  the  folds 
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of  the  broad  ligament  iu  close  coouectioii  witli  the  tabes.  Papillomftta 
are  rare. 

Oaninoma  of  the  tubes  is  usually,  if  uot  always,  eecoudary  to  carci- 
uoma  of  tlie  uterus  or  the  ovaries. 

CjttM,  usually  of  sniall  size,  souietiiiies  pediculated  aud  with  thin 


FlQ.  4an.— TDBKRriLOrs  SALPlNOlTiS, 

Ttte  wall  ol  a  portioD  of  the  tube  to  convent^  into  a  dense  maw  of  Bbreus  uid  necroUc  Usaue  wblcb  le 
dlatole/mUng. 

Willis,  are  frequently  seen  in  the  peritoneal  covering  of  the  tubes  or  in 
the  ilmbrite.  They  are  believed  to  be  of  embryonal  origin.  Combina- 
tion cysts  of  the  tubes  aud  ovaries  are  of  occasional  occurrence — retro- 
ovariau  cysts.' 

Dilatation  of  the  tubes,  its  above  described,  may  convert  them  Into 
cyst-like  structuies. 

Extra  tTtenne  Fragiiajicy. 

TtTBAi  PnEO^A^cY  — Thi  impregnated  ovum,  in  Bomt-  w»y  bindered  from  passing 
loto  tlie  utdiiK  maj  bei  me  fiMd  in  the  tube,  aud  there  develop.  The  villi  of  the 
cLiorion  grow  into  llic  miiconB  mimhrane  of  the  luhe,  forming  au  incomplete  placenta. 
Rar^  cases  are  recorded  in  uhicb  tlit  pluceola  was  siliuited  in  the  ulems  whi'/e  the 
foetus  was  devploptd  in  the  tube  Tin  tmbrio  and  its  membranes  are  developed  until 
they  reacli  such  a  sizt  (hat  the  tube  Burrounding  lliem  ruptures.    This  may  occur  in  the 

"  See  OrtJtmann.  VircLow's  Arch.,  Bd.  civ.,  p.  830,  18M,  bibliography. 
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first  month  or  not  until  much  later.  In  rare  cuea.  when  the  wall  of  the  tube  was  ez' 
teufiively  Involved  in  the  formation  of  the  placenta,  the  development  has  gone  on  UDtS 
term.  The  ovum  may  remain  In  the  tube  after  the  rupture,  or  may  escape  into  the 
peritoneal  cavity,  still  enveloped  in  its  membianes;  or  the  membnnes  may  be  ruptured 
and  left  in  the  tube.  The  rupture  is  generally  attended  with  fatal  hemorrhage.  In 
•ome  cases  death  is  caused  by  the  rupture  of  a  dilated  vein  while  the  tube  is  still  int«ct. 
Hemorrhage  into  the  sac  may  occur  before  ila  rupture. 

In  rare  cases  death  does  not  take  place  and  the  tcetus  la  shut  in  by  adhesions  and 
false  membraui^s.  The  embryo  soon  dies.  There  may  lie  a  slow  absorption  of  the  soft 
parts  of  the  fwtus,  the  bonesarc  separated  and  left  embedded  in  a  mass  of  fibrous  tissue, 
fat,  cholesterin,  and  pigment;  or  the  fcetus  retains  its  shape  and  becomes  mummified, 
and  may  Iheo  be  encrusted  witli  the  salts  of  lime  (lithopedion). 

On  the  other  hand,  degeneration  and  gangrene  of  the  foetus  may  take  place  rapidly, 
with  inflammation  and  suppumtion  of  the  surrounding  tissue.  There  may  be  perfora- 
tion and  escape  of  the  broken-down  fcetus  through  the  rectum,  vagina,  bladder,  or  ab- 
dominal wall.  The  patient  may  die  from  peritonitis  or  eiliauBtion,  or  may  recover 
after  the  escape  of  the  f<etus.  In  some  coses  the  f<etua  may  escape  through  a  rupture 
of  the  tube  into  the  space  between  the  folds  of  the  broad  ligament. 

In  Tuno-ABDoMiSAL  Pheqhakcv  the  development  of  tlie  ovum  is  In  the  fimbriated 
extremity  of  the  Fallopian  tube.  AdhcsioDs  are  formed,  so  that  the  foetus  is  partly  In 
the  end  of  the  tube  and  partly  in  the  abdomen. 

iKTERSTtTiAL  Preokancv. — The  ovum  in  these  cases  ia  arrested  and  developed  in 
the  portion  of  the  tube  which  passes  through  the  wall  of  the  uterus. 

Abdominal  Prbghancii-.— The  ovum,  after  escaping  from  the  ovary,  may  not 
enter  the  Fallopian  tube,  but  may  become  fixed  to  the  peritoneum,  usually  near  the 
ovary,  and  develops  in  tliat  position. 

Ovarian  Preo nancy.— The  existence  of  this  form  of  pregnancy  is  doubtful  and 
difficult  tu  prove,  but  there  are  some  cases  in  which  it  seems  probable  that  the  ovum 
develops  in  its  Graafian  follicle.  The  placenta  may  be  attached  to  the  tube  or  to  the 
abdominal  wall. 

In  all  forms  of  extra-uterine  pregnancy  the  uterus  becomes  enlarged  and  a  sort  of 
decidua  is  formed  on  its  internal  surface. 

The  Mamma, 
ICftlfomuitioiu. 

Arrest  of  development  of  the  mammic  occurs  with  arrest  of  development  of  the 
other  reproductive  organs,  and  less  frequently  alone. 

One  or  both  mamma:  may  be  absent.    Absence  of  the  nipple  Is  more  common. 

Supernumerary  niummie  and  nipples  have  been  observed  In  a  number  of  cases;  the 
glands  may  all  secrete  milk  during  lactation. 

Too  early  development  of  the  mamniK  is  sometimes  found  in  young  children  in 
connection  with  abnormal  development  of  the  organs  of  generation. 


HLSMOBRHAOE. 

Ill  young  women  who  suffer  from  ameuorrhcea  or  dysmenorrhoea, 
email  Liemorrbages  sometimes  occur  in  the  mamnife  at  the  time  of  men- 
strnatiou.  The  blood  may  find  its  way  iuto  the  milk  ductfi  and  exude  in 
small  quautities  at  the  nipple. 

Contusions  of  the  breast  may  produce  extravasations  of  blood  iu  the 
mammary  gland  or  the  surrounding  connective  tissue.  This  may  become 
absorbed,  or  may  remain  and  he  surrounded  by  fibrous  tissue  or  be  con- 
verted iuto  cysts. 
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nraXAMMATIOM'.    (Kaatitu.) 

Dariug  lactation  the  nipple  is  liable  to  become  iuflamed,  and  nlcers 
aud  fidBures  may  form. 

There  is  a  form  of  eczematous  inflaouiiatiou  of  tlie  nipple  aud  areola 
wbich  tends  to  ulcerate  and  iu  whieli  oirciuoma  may  originate.  This 
is  known  as  Paget's  disease,  and  is  probably  due  to  the  preseaee  of 
coccidia. 

Aoate  EzndattTe  Inflammation  (Mastitis). — This  occurs  most  frequently 
during  lactation ;  it  also  occurs  during  pregnancy,  aud  occasionally  in 
vomenwho  are  neither  pregnant  nor  nursing. 

The  process  may  involve  the  subcutaneous  connective  tissue,  the 
gland  itself,  or  the  connective  tissue  between  the  gland  and  the  wall  of 
the  thorax.  The  inflamed  tissues  are  at  iirst  congested,  swollen,  hard,  and 
painful.  Tlie  inflammation  may  stop  at  this  point  and  resolution  may 
take  place,  but  more  frequently  it  is  succeeded  by  suppuration.  If  the 
inflammation  involves  the  subcutaneous  connective  tissue  the  abscess  may 
be  Buperflcial  and  may  soon  opeu  through  the  skin.  If  the  gland  be  in- 
volved one  lobule  after  another  may  become  affecled  (Fig.  4(il),  so  that 
successive  at>scesses  are  fonned.  If  the  connective  tissne  beneath  the 
gland  be  inflamed  a  deep  abscess  of  large  size  may  be  fonned,  which  usu- 
ally perforates  through  the  skin,  but  sometimes  into  the  pleural  cavity. 
In  both  these  latter  forms  of  abscess  there  is  apt  to  be  necrosis  of  large 
portions  of  tissue.  These  abscesses  may  cicatrize,  or  they  may  pass  into 
a  chronic  condition  and  remain  for  a  long  time  as  suppurating,  fistulous 


?IH.  401,— StPPCBATlYK  MASTITIS  1>   TIIK   NOS-Fl'SCTlUNiTIMO   GLAND. 

o,  UOk  duct :  li,  InlereUIfal  llsaiie ;  c.  <ieast!  collectlom  a[  pus ;  it,  dlDiue  iDBItratloa  ot  lobule  wltb  pus, 

tracts.     Suppuratiie  mastitis  is  usually  due  to  the  presence  of  Strepto- 
coccus aud  Staphylococcus  pyogenes. 

In  new-born  children  there  ia  often  a  painful  swelling  of  the  breasts, 
which  usually  subsides  iu  a  few  days,  but  may  go  on  to  suppuration. 
45 
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Epidemic  parotitis  is  sometimes  complicated  by  mastitis. 

Chronic  Inflammation  of  the  interstitial  coonective  tissue  of  the  mam- 
mary gland  may  result  in  the  formation  of  dense  connective  tissne  (F^g. 
462),  with  or  without  cystic  dilatation  of  the  milk  ducts  and  atrophy  of 


no.  4as.-CBR0i<ic  iHrLiiariTioH  or  HAnuBT  Olimd. 

the  glandular  elements.  Acute  exudative  inflammation  may  occur  in 
a  gland  which  is  the  seat  of  chronic  inflammation,  and  abscesses  may  be 
formed. 

Cystio  Hyperplasia. — About  the  time  of  the  menopause,  when  the  mam- 
mary gland  undergoes  involution,  the  fibrous  tissue  is  apt  to  iucrease. 
This  fibrous  hyperplasia  mny  be  excessive,  and  is  theu  frequently  asso* 
elated  with  a  cystic  dilatation  of  the  smaller  ducts.  The  epithelium  may 
become  atrophied  or  it  may  proliferate^,  and  frequ^utly  forms  papillary 
projectioiis  into  the  dilated  ducts.  This  cystic  hyperplasia  of  the  mamma, 
when  the  epithelial  clianges  are  marked,  is  scarcely  to  be  differentiated 
from  adeuonia,  to  which  indeed  it  probably  frequently  leads.' 

Tnberonloni  Inilammation  of  the  mammary  gland  and  its  excretory 
ducts  is  of  occasional  occurrence.  It  may  manifest  itself  iu  the  form  of 
miliary  tubercles,  larger  and  smaller  caseous  masses  of  tiew-fonned  tissue, 
or  cold  abscesses.' 

Syphilitic  TTIoer*  may  occur  in  the  nipple  either  as  primary  chancres 
or  as  mucoas  patches.  Gummy  tumors  have  been  observed  iu  the 
mamma. 

TD3C0RS. 

There  may  be  a  general  hypertrophy  of  one  or  both  breasts.  This  is 
usually  found  in  young,  unmarrie<1  women,  but  sometimes  in  women  in 
advanced  life.  There  is  an  inereiu*e  in  l)oth  the  glandular  and  the  con- 
nective-tissue elements  of  the  organ. 

'  For  a  Htudy  of  tliis  losioii  wkli  bibliography  ava  Oretnough  and  JlarttfeU.  Jour 
of  Med.  BesL-arch,  vol.  ix..  ]>.  416,  1903. 

*  8ee  a  bibliographic  sumniBrv  I'f  tuberculosis  of  the  Ureast  by  Seudier,  Am.  Jour. 
Med.  Soieuccs,  vol.  cxvi,,  p,  Tfl.  1M98. 
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Kbroioa. — Circumscribed  tumors  composed  of  connective  tissue  are 
sometimes  found  in  the  breast.  They  are  dense  and  hard,  and  may  en- 
close some  of  ttie  gland  ducts  and  acini. 

IntracanalicuJar  Fibroma. — These  tumora  are  formed  by  a  diffuse 
growth  of  connective  tissue,  and  a  growth  of  polypoid  fibrous  tumors 
from  the  walls  of  the  milk  duets  into  their  cavities  leading  to  dilatation. 


Kia.  WD. -I  NTS  AC 

The  glandular  acini  may  be  atrophied,  or  eiilai^ed,  or  cystic.  A  section 
of  such  a  tumor  looks  like  a  solid  mass  of  fibrous  tissue,  divided  by  clefts 
and  fi.'^nres  lined  with  cylindrical  or  cuboidal  epithelium  (Fig.  463),  or 
fibrous  tissue  eoutaining  cysts  into  which  project  polypoid  fibrous  out- 
growths from  the  wiills.  Sometimes  the  new-formed  fibrous  growths  into 
the  dilated  ducts  are  adenomatous  in  character,  containing  many  new 
formed  irregular  acini  (Fig.  464).  Such  tumors  may  be  called  intra- 
canaticular  Jihro-adpnomaUi.  These  tumors  grow  slowly,  but  if  left  to 
themselves  may  reach  an  enormous  size.     The  skin  over  them  may  ulcer- 
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ate  and  the  tumor  project  throagh  the  opening  in  fungous  masses     Tbey 
may  be  associated  with  interstitial  fibrous  hyperplasia  of  the  gland. 

Pericanalicular  Fibroma. — Sometimes  the  new  connective  tissue  forms 


^:^ 
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a  more  or  less  thick  cylindrical  investment  of  the  doct  without  growing 
into  its  lumen.  This  formation,  ■nhicli  is  shown  in  Fig.  4C5,  is  some- 
times called  pericanalicHlor  fibroiua. 
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Myxoma. — This  form  of  tumor  may  occur  as  a  circumscribed  growth 
replaeiug  part  of  the  mamma,  or  it  may  be  developed  in  the  same  way 
as  the  iiitracaiialicular  fibromata.  It  is  not  uiiconmiou  iii  these  intra- 
canalicular  tumors  to  find  a  combiuation  of  fibroiiH,  mucous,  and  sarcom- 
atous tissue  in  the  same  tumor. 

Chondroma  Is  a  very  rare  form  of  tumor  in  the  mamma.  A  few  cases 
have  beeu  described  in  vhich  it  was  combined  with  carciuoma. 

Adeaoma. — Tumors  composed  of  glaudular  aciui  and  ducts  surrounded 
by  conuective  tissue  are  of  frequent  occurrence  iu  the  mamma  (Fig. 


F[().  HB.— ADENOM*  OF  Till  MlHUl. 

TfpeorulDl  lined  witb  duct  eptlbellum. 

4(i8).  They  are  either  single  or  multiple,  or  several  may  be  developed 
.successively  in  the  same  breast.  They  grow,  as  a  rule,  at  first  slowly, 
afterwaid  more  rapidly.  Their  structure  may  be  further  complicated 
by  the  dilatation  of  one  or  more  of  the  ducts  which  compose  the  tumor 
into  cysts,  and  the  ingrowth  of  connecti\'e  tissue  from  the  walls  of  these 
cysts.     This  growth  is  oft«n  in  papillary  form — paptUary  cysUidenoma — 


FiO.  wr.— Adenoma  op  the  Hahua. 
Type  lit  sclnt  llBBd  irlUi  Invffular  eptlbelMl  oell  nusseg. 

(Fig.  469).     A  ca-se  of  oystie  adenoma  with  ciliated  epithelium  has  beeu 
described. ' 

While  preserving  the  gland  type  the  adenomata  present  great  variatiou 
in  the  form  and  grouping  of  the  epithelial  cells  of  the  ducts  and  acini, 
so  that  here  as  elsewhere  various  intermediate  forms  may  be  found  be- 
tween adenoma  and  carcinoma.'  The  new-formed  glandular  epithelium 
often  presents  two  types,  one  in  which  the  cells  are  fairly  distinct  aud 


Digitized  byGoOgIC 


710  THE  EEPEODUCTJVE  OBGANB  OP  THE  FEMALE. 

cuboidal  or  cylindrical  (Fig.  466),  aud  the  other  in  whicli  the  cells  pro- 
ject into  the  lumiua  iu  irr^ular  masses  (Fig.  467). 

Sarcoma. — These  tumors  may  develop  in  a  nodular  or  diffuse  form 
and  may  largely  replace  Hie  gland,  or  may  form  intracanalicular  growths. 
They  may  be  of  the  round  or  spindle  cell  type ;  they  often  become  veiy 
large,  and  ulcerate.     Metastasis  in  the  axillary  lymph-nodes  is  usual. 

Primary  Carcinoma  of  the  mamma  is  most  common  in  women  between 
the  ages  of  thirty-five  and  fifty-five,  but  it  sometimes  occurs  in  women 
not  over  twenty,  and  sometimes  in  old  persons.  It  occurs  iu  either 
breast,  in  the  right  rather  more  frequently  than  in  the  left,  but  some- 
times in  both.  The  growth  begins  more  frequeutly  at  the  periphery  of 
the  gland  than  at  its  centre,  and  more  frequently  iu  the  upper  edge  of 
the  gland  than  in  any  other  place. 

The  growth  most  freqnently  begins  as  a  small,  circumscribed  nodule, 
which  enlarges  and  involves  more  and  more  of  the  breast;  sometimes, 
however,  it  is  diffuse  from  the  first,  and  sometimes  it  begins  iu  the  nipple. 

It  may  infiltrate  the  adjacent  tissues  and  the  axillary'  and  cervical 
glands,  and  form  metastatic  tumors  iu  different  parts  of  the  body.' 

The  local  extension  of  carcinoma  often  takes  place  through  the  lymph- 
ressels  which  pass  along  the  fibrous  trabecule  of  the  periglandular  fat; 


BO  that  bands  of  fibrous  tissue  harboring  tumor  cells,  with  their  active 
a  of  the  breast  see  StileM,  Brit.  Hed 
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capacity  for  growth,  may  exteud  far  from  tlie  ceutral  mass  (Fig.  470). 
Fibrous  bands  of  such  significance  ar«,  in  the  early  stages  of  extension, 


Fio.  48B.— P*PILfcAKV  c 

not  to  be  differentiated  from  the  normal,  either  by  tlie  touch  or  by  the 
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eye.  Even  with  the  microscape  it  is  often  impossible  to  determine 
whether  small  spheroidal  or  polyhedral  cells  which  are  not  charactf.r- 
isticaliy  grouped  iu  these  fibrous  bauds  are  epithelial  in  character  or  not. 
It  is  such  cells,  frequently  left  behind  in  other  than  thorough  operations, 
which  give  rise  to  local  recurrence. 

The  medvUari/ bmA Jibrom  types  are  most  common;  the  gelatinous  is 
rare.  In  any  of  these  forms  of  cancer  there  may  be  cystic  dilatations  of 
the  ducts  and  acini.  EpiUtelioma  may  form  at  the  nipple.  Beoon^ry 
carcinmna  of  the  mamma  is  rare.  Retraction  of  the  nipple  is  common  in 
later  stages  of  fibrous  types  of  mammary  cancer  (see  Fig.  470). 

Cyiti  of  the  mamma  seem  to  be  for  the  most  part  retention  cysts, 
formed  by  the  dilatation  of  the  gland  ducts  or  acini.  During  lacta- 
tion such  retention  cysts  are  sometimes  formed,  and  then  contain  milk. 
They  may  reach  an  enormous  size.  At  other  times  retention  cysts  are 
formed  contaiuing  serous  or  viscid,  brownish  fluid,  which  often  exudes 
through  the  nipple.  These  cysts  may  be  large  or  small,  single  or  multi- 
ple. There  are  usually  at  the  same  time  some  growth  and  induration  of 
the  connective  tissue  of  the  gland.  In  some  cases  there  are  polypoid 
outgrowths  of  connective  tissue  from  the  wall  of  the  cyst.  These  cysts 
are  not  to  be  confounded  with  the  cysts  which  are  developed  with  the 
intracanalicular  tumors,  described  above. 
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CHAPTER  XI. 

BBPBODUCTIVE  0BOAN8  OF  THE  UALE. 

The  PeniB. 

HalfbrmatioQB. 

The  penia  maybe  absent  witli  great  defects  of  developmeDt  of  the  rest  of  tbe  body. 
The  urethra  then  usually  opens  into  the  rectum. 

Ad  aboonnally  small  penis  may  be  associated  with  absence  or  arrested  develop- 
ment of  the  testicles.    The  prepuce  may  be  rudimentary  or  absent. 

Congenital  pbimosia  is  not  uncommon. 

Htpospadiab  is  ao  anest  of  developmeot  of  the  penis  and  scrotum.  In  its  high- 
est degree  the  penia  la  short,  the  glans  penis  small.  Oa  the  lower  side  of  the  penis  is  a 
deep  cleft  lined  with  mucous  membrane.  Into  this  cleft  the  urethra  opens  at  the  root 
of  the  penis.  The  scrotum  remains  separated  into  two  halves,  resembling  labia  majora. 
The  testes  may  descend  into  their  proper  position  on  each  side  or  remain  in  the  abdo- 
men. If  the  icBtlcles  continue  to  develop  normally  the  individual  has  the  appearance 
and  capacities  of  a  man ;  if  their  development  is  arrested  the  individual  is  apt  to  be  of 
feminine  type. 

Inlessergradesof  hypospadias  the  two  haivesof  the  scrotumare  joined  and  the  penis 
is  larger,  but  a  part  of  the  urethra  remains  open  as  a  cleft  at  some  poiht  of  the  penis. 

Epispadias  is  an  opening  of  the  urethra  on  the  upper  side  of  the  penis.  It  pre- 
sents various  grades  and  forms. 

Hehuaphroditism. — This  is  a  union  of  two  sexes  in  the  same  person,  the  test  of 
which  is  the  presence  of  thesecreting  organs,  the  ovaries  and  testicles.  True  hcnnaph- 
roditism  is  rare,  but  it  does  occur,  while  most  of  tlie  conditions  called  hermaphrodit- 
ism are  in  reality  due  to  varying  malformations  of  the  external  generative  organs. 

Pfeudo-hermapkrmliUtm, — In  the  male,  normally,  the  greater  part  of  MQller's  canal 
disappears  and  its  lower  end  forms  the  vesicula  proatatica.  In  this  malformation 
Mailer's  canal  is  changed,  as  it  is  In  the  female,  into  Fallopian  tubes,  uterus,  and 
vagina,  while  at  the  same  time  the  testes,  epididymides,  vesiculic  seminales,  and  sper- 
matic cord  are  formed  aa  usual.  In  the  lesser  degrees  of  this  malformation  we  find,  in 
the  place  of  the  veaicula  proslalics,  a  pear-shape<l  sac  as  large  as  a  pigeon's  egg.  with 
muscular  walls  and  an  epithelial  lining.  This  sac  may  be  incompletely  divided  into  a 
uterus  and  vagina,  and  it  opens  into  the  urethra.  In  Uie  higher  grades  we  And  a  well- 
formed  vagina  and  uterus.  The  uterus  may  or  may  not  have  Fallopian  tubes.  The 
testicles  arc  usually  retained  in  the  abdomen  or, inguinal  canals,  and  are  small.  The 
spermatic  ducts  run  on  the  sides  of  the  uterus  and  open  into  the  urethra  or  are  closed. 
The  penis  and  scrotum  appear  as  in  hypospadias,  or  are  well  formed.  The  appearance 
of  the  individual  varies  with  the  development  of  the  testicles. 

Tnie  Ilermnphniilitiiim  may  he  lateral.  In  this  condition  there  is  hypospadias;  a 
vagina  and  uterus  and  a  Fallopian  tube  and  ovary  are  on  one  side,  and  a  testicle  and 
spermatic  cord  on  the  other. 

In  certain  cases,  which  may  be  called  bilateral  hermnpkroditum,  there  is  a  testicle 
on  one  side  and  an  ovary  od  the  other.' 

Enlakuemgnt  op  the  Pesfs  Is  sometimes  caused  by  venous  congestion  from 
heart  disease ;  by  long -con  tinned  masturbation,  aa  a  result  of  nhicli  the  corpus  cavemo- 

'  For  a  detailed  consideration  of  ihe  malformations  of  the  male  and  female  genera- 
tive organs  consult  KMi»,  "  Handhuch  der  pnthologlschtu  Anatomie,"  and  more  recent 
cases  of  hermaphroditism  by  Ihiqiutr,  Arch.  f.  Auat.  u.  Physiol.,  1870.  and  by  Uof- 
muan,  Wien.  med.  Jahrb..  IB77. 
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sum  may  lose  its  contractility :  and  In  rare  cases  by  hyperplasia  of  the  Gtroma  of  the 
corpus  CBTemoflum. 

INJUBT  AND  HSHOBBHAOB. 

Injuries  to  the  peuis  are  liable  to  gi\'e  rise  to  severe  hiemorrhE^  on 
account  of  its  peculiar  vaBCnlar  character;  suppurative  inflammation, 
gaugreiie,  infiltration  with  urioe  and  its  consequences,  are  also  liable  to 
occur.  The  coutractions  of  the  cicatricial  tissue  by  which  wounds  are 
healed  frequently  give  rise  to  various  distortions  of  the  oi^n. 

INFLAHKATION. 

Balanitis — inflammation  of  the  glaos  penis  and  the  prepuce — is  usually 
due  to  gonococcal  or  syphilitic  infection,  or  it  may  be  incited  by  foul 
accumutations  of  smegma.  The  parts  are  red  and  swollen  and  may 
ulcerate.  Condylomata  may  be  formed,  and  adhesions  between  the  pre- 
puce and  glans.  The  glans  may  ulcerate  and  the  prepuce  may  be  much 
thickened.  If  the  prepuce  be  long,  phimosis  may  occur  with  the  accumu- 
lation of  exudate  beneath.     The  prepuce  may  become  gangrenous. 

ParaphimMig  is  produc«d  by  the  retraction  of  a  narrow  prepuce  be- 
hind the  glans,  with  consequent  stricture,  inflammation,  and  sometimes 
gangrene. 

Inflammation  of  the  Corpora  Cavemou  may  be  the  result  of  iujury,  may 
follow  fistulte,  may  occur  iu  connection  with  inflammation  of  the  connec- 
tive tissue  of  the  pelvis,  and  may  accompany  the  acute  infections  dis- 
eases. It  may  result  iu  fibrous  induration  of  portions  of  the  corpora 
cavernosa;  rarely  in  abscess  or  diffuse  purulent  infiltration ;  sometimes 
in  gangrene.  Larger  and  smaller  masses  or  plates  of  very  dense  fibrous 
ti.sHue  sometimes  foim  in  the  sheath  of  the  corpora  cavernosa  without  his- 
tory of  antecedent  lesion. ' 

TubercnlouB  inflammation  of  the  penis  has  repeatedly  followed  circum- 
cision perfoi-nied  by  nncleanly  tuberculous  persons. 

Syphilitic  IHcer*  frequently  occur  on  the  glaus  penis  and  prepuce. 
The  indurated  chancre  is  formed  either  from  an  excoriation  in  which 
a  pustule  ia  forme-d  or  from  a  little  nodule.  The  pustule  breaks  and 
its  walls  are  infiltrated  with  small  round  cells.  The  nodule  softens, 
breaks  down,  and  forms  an  ulcer  whose  walls  are  infiltrated  with  cells. 
Syphilitic  condylomata  are  of  frequent  occurrence  ou  the  glans. 

Herpes  of  the  prepuce  occura  in  the  form  of  small  vesicles,  which  may 
later  become  ulcers.  ErysipelatonB  and  funmcular  inflammation  some- 
times involves  the  skin  of  the  penis. 


Papilloma  is  found  ou  the  prepuce  aud  glans  penis.     It  occurs  in  the 
form  of  little  warty  growths,  or  of  composite,  cauliflower  masses,  even 
as  large  as  a  fist.     In  either  case  the  structure  is  the  same — hypertro-  . 
u  the  corpora  cavernosa  penis  see 
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phied  papillffi  covered  vith  epithelitmi.  Sometimes  the  epitlielial  layers 
become  thick  aud  horny,  formiog  lar^,  deiise  projectioiiB. 

FibroDia  difFiuiim,  or  elephantiasis  of  the  prepuce,  may  occnr,  leading 
to  great  thickening.  It  is  dne  to  a  diffuse  growth  of  fibrous  tissne  in  the 
cutis.  Lipoma,  angioma,  oiroiuiucribed  fibroma,  and  nbaceoai  cysts  may  oc- 
cur in  the  penis.  Carcinoma  is  nsoally  of  the  epitheliomatous  type.  It 
is  most  frequent  in  the  prepuce  and  glans  penis.  It  may  have  the  form 
of  a  flat  ulcer,  or  of  infiltrating,  ulcerating  nodules,  or  it  may  be  papil- 
lary. Such  growths  may  attain  great  size,  ulcerate,  or  undergo  a  variety 
of  inflammatory  changes.  Carcinoma  may  involve  the  entire  skin  of  the 
penis  or  may  invade  deeper  parts.  The  inguinal  glands  may  be  involved. 
Distant  metastases  are  not  frequent. 

Medullary  or  glandular  carcinoma  of  the  penis  is  not  common.  It 
may  be  secondary  to  carcinoma  in  some  other  part  of  the  body. 

Dermoid  tumors  of  the  penis  are  of  occasional  occurrence.' 

Calcification  and  OBBifioation  of  the  connective  tissue  of  the  corpora 
cavernosa  sometimes  occur.  Lai^  aud  small  preputial  oalonli  are  occa- 
sionally found  between  the  prepuce  and  the  glans.  These  may  be  formed 
in  »Uu,  may  come  from  the  bladder  or  from  without,  and  may  later  in- 
crease in  size. 

The  Scrotum. 

The  skin  of  the  scrotum  is  subject  to  the  various  forms  of  lesions 
which  may  occur  in  any  part  of  the  integument. 

Elephantiasis  of  the  scrotum  consists  in  the  main  of  a  development  of 
new  coimeotivo  tissue  in  the  cutis,  which  is  sometimes  accompanied  by 
dilatation  of  the  lymph-vessels;  thus  the  thickened  scrotum  may  form  a 
large  tumor,  often  rough  upon  the  surface,  which  may  entirely  cover  in 
the  penis. 

TUHORS. 

Lipoma  and  fibroma  occur.  Epitheliomatai  in  the  form  of  flat  or 
papillary  ulcerating  tumors,  are  of  frequent  occurrence  among  chimney 
sweet>ers.  and  may  lead  to  extensive  ulcerations  of  the  adjacent  parts  and 
involvement  of  neighboring  lymph-nodes. 

Dermoid  Cysts  and  Teratomata  of  the  scrotum  are  not  uncommon.  In 
veri'  rare  cases  tumors  containing  a  considerable  portion  of  a  ftetaJ  skele- 
ton have  been  found  in  the  scrotum.  Occasionally  the  akin  of  the  scrotum 
is  t>eset  T\'ith  numerous  lai^er  and  smaller  sebaceous  cysts,  which  raise 
the  surface  into  little  globular  or  wart-like  projections. 

The  Testicles. 

M(i1foniiati<ms. 

Absence  of  both  featicles,  eltUer  with  or  without  absence  of  the  epididymides, 
spemialic  corda,  and  vesicultE  Bemlnales,  occurs  in  rare  cases.     The  scrotum  is  only  indi- 

'  Genilarun.  Dewt.  Zeite.  f.  Chir.,  Bd.  Iv.,  p.  826. 
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cftted  or  may  (.-ODtain  the  i-pididymjdes.     The  penis  is  small,  and  the  hidiyiduals  are 
small  and  poorly  developed. 

The  teetes  maj  be  Imperfectly  developed.  The  individuals  are  eitemiuat«.  Ab- 
sence ot  one  testitle,  with  healthy  development  of  the  Other,  is  more  frequent.  The 
corresponding  epididymis  and  cord  may  be  absent  or  present. 

The  spermatic  cords  aod  vesiciilte  seminales  may  be  absent  or  imperfectly  devel- 
oped on  one  or  both  sides,  while  the  testes  are  normal. 

Ckvptorc H ISM CB.— Either  one  or  both  teaticlca  may  remain  permanently  in  tbeir 
foetal  position,  or  may  not  descend  into  thcHCrotum  for  several  yeare  after  birth  (cryptor- 
chismus),  or  not  at  all.  This  condition  may  be  due  to  an  arrest  of  development  in  the 
testes  or  the  gnbcmaculum  testis;  adhesions  produced  by  antenatal  peritonitis;  nar- 
rowing ot  the  inguinal  canal ;  narrowing  or  shortening  of  the  vaginal  process  of  the 
peritoneum;  or  lo  abnormal  size  or  position  of  the  testicle.  Usually  the  malfonnatioD 
is  conflned  to  one  testicle,  and  tlien  is  more  frequent  on  the  left  side.  The  testicle  is 
usually  found  in  the  abdomen  close  to  the  mouth  of  the  inguinal  canal,  or  in  the  ingui- 
nal canal  just  below  the  external  ring;  but  it  may  be  beneath  the  skin  in  the  perineum, 
or  in  tlie  crural  canal  with  the  femoral  vessels,  or  elsewhere.  The  retained  testis  ia 
usually  not  fully  developed,  or  undergoes  fatty  degeneration  or  fibrous  hyperplasia. 
~"  '         '    ne  or  even  of  both  testicles  does  not  preclude  the  possibility  of  pro- 

creation. Itetaincd  testicles  are  prone  to  in- 
flamraatory  changes  and  liable  to  become  the 
seat  of  malignant  tuiiiors. 

Sometimes,  while  the  testis  is  retained,  the 
epididymis  and  spermatic  cord  descend  Into 
the  scrotum.  In  rare  cases  the  position  of  tlie 
testis  may  be  changed  so  that  the  epididymis 
and  cord  are  in  front.  The  existence  of  a  su- 
pernumerary testis  has  been  asserted. 

Varicocele. 

In  varicocele  the  veins  of  the  spermatic 
conl  are  dilated,  often  forming  tortuous  masses 
of  considerable  size  (Fig.  471). 

Hydrocele. 

In  hydroede  of  the  luiiica  taginalU  there 
is  an  accumulation  of  fluid  In  the  cavity  of  the 
sac.  It  is  usually  unilateral  and  Is  usually 
associated  with  acute  or  chronic  infiamniation 
of  the  tunica  vagiualis,  varicocele,  or  general 
dropsy.  The  serum  is  present  in  small  or  in 
large  quantity;  it  is  usually  transparent,  may 
contain  cholesterin,  or  be  purulent  ot  mixed 
with  blood.  The  tunica  vaginalis  remains 
unehftuged.  or  is  thickened,  or  contains  plates 
of  hone,  or  is  covered  witli  polypoid  fibrous 
bodies  which  may  fall  off  and  be  found  free  in 
the  cavity  of  the  sac.  There  may  be  adhesions 
between  the  layers  of  the  tunica  vaginalis,  and 
In  this  way  the  lluid  becomes  sacculated.  The 
testis  is  puslied  downward  and  backward;  it 
Fio.  4n.-V*RicocELK.  remains  unchanged  or  ia  alr^hied. 

nded  End  lortuous  vessels  bave  been  ^^  hydiixjele  of  tlie  iiroeegeiit  Togiitalia  there 

Oiled  witb  vox.  is  an  :u»;umulation  of  serum  in  the  cavity  of 
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tlie  TAginat  process  of  tlic  peritoneum,  which  remains  oiwn  oflet  tlie  descent  of  Ibe 
testicle.     Thei'c  sre  several  varieties. 

(ii)  The  vaginal  process  is  entirely  opeu  and  there  is  a  free  communicalion  with  tlio 
peritoneal  cavity.  Tlie  serum  may  originate  io  the  <avjty  of  the  peritoneum  or  of  the 
vaginal  process,  and  passes  freely  from  one  to  tlie  other, 

(b)  The  processus  vaginalis  is  closed  in  tlie  inguinal  canal,  while  its  lower  portion 
is  tilled  with  eerum, 

(<■)  The  processus  vaginalis  is  closed  about  the  testis  and  the  visceral  layer  of  tlie 
tunica  vagioalis  Is  foi'metl.  The  serum  accumuhites  in  the  upper  part  of  the  vaginal 
process  which  communicates  with  the  peritoneal  cavity. 

{il)  The  vaginal  process  is  closed  in  the  Inguinal  canal  and  over  the  testis;  the 
serum  accumnlates  so  as  to  form  one  or  more  sacs  lielween  these  two  points.  Inguinal 
hernia  may  complicate  this  form  of  hydrocele. 

In  hgdriKfU  of  the  iij>ei-malic  eoM  there  is  geDeral  (pdemn  or  the  development  of  cir^ 
cumscribed  cysts  in  the  connective  tissue  of  the  cord. 

A  peculiar  type  of  hydrocele  is  formed  by  tlie  accumulation  of  scrum  in  the  sac  of 
an  inguinal  hernia  from  which  the  intestine  has  become  retracted. 

Hamatocele. 

In  htematocete  of  the  tunica  vaginalis  thei'c  is  an  effusion  of  blood  Into  the  cavity 
of  this  sac.  It  may  occur  in  injury ;  In  scurvy,  or  with  the  luemorrbagtc  diathesis;  or 
It  may  complicate  a  pre-existing  hydrocele.  The  effused  blood  usually  soon  degen- 
erates, and  the  sac  is  flilcd  with  a  brownish  Huid  or  a  thick,  grumous  mass.  The  tunica 
vaginalis  may  be  thickened.    The  testis  remains  normal  or  Is  atrophied. 

Effusion  of  blood  into  the  loose  connective  tissue  of  the  scrotum  is  often  called 
atTattagiaal  hamatocele. 

Hfematocele  of  the  spermatic  cord  occurs  In  tare  ca.<W3  as  a  diffuse  inflltratlon  of 
blood  in  the  connective  tissue  of  the  cord.     Or  blood  may  be  effused  Into  a  hydrocele  of     . 
the  cord. 

Spermatocele. 

Cysts  containing  spermatic  fluid  not  infreyuently  arise  from  the  epididymis  or 
from  the  rete  testis.  Tiiese  sometimes  acquire  a  large  size  and  crowd  the  tunica  vag- 
Inalhi  before  tlicin,  so  that  they  simulate  a  collection  of  fluid  in  tlie  cavity  of  the  latter. 
Tlie  wall  of  the  cyst  mas' be  lined  with  ciliated  or  with  flaliencd  epithelium.  The 
contents  are  sometimes  simply  serous,  but  more  frequently  opalcsctnt,  and  may  contain 
spermatozoa. 

ATROFKT. 

Atrophy  of  the  testicle  may  occur  in  old  age  or  in  persons  wlio  are  in 
a  condition  of  prematnre  seuility ;  or  as  the  result  of  pressure  from  her- 
niie,  hydrocele,  or  inflammatory  products. 

INFLAMHATIOH.    (Orchitis.) 

Inflammalion  of  the  testicles  may  follow  injuries,  exposure  to  cold,  and 
inllaniniatioii  of  the  iti-ethra;  it  may  occur  in  parotitis  or  with  syphilis 
and  various  other  infectious  diseases.  The  testes,  epididj-mis,  or  tunica 
albuginea  may  be  principally  involved.  Usually  only  one  testicle  is  in- 
flamed, sometimes  both.     The  inflammation  may  extend  to  the  vas  def- 

Aoate  Exudative  Orchitis  is  most  fretpient  in  the  epididymis  and  tunica 
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albuginea.  When  the  testis  is  involved  the  organ  is  congested  and  in- 
filtrated with  serum  or  pus.  From  this  condition  it  may  return  to  the 
normal  state;  or  small  abscesses  may  form  which  may  be  absorbed,  or 
increase  iu  size  so  as  to  involve  nearly  the  entire  organ.  They  uiay 
perforate  externally,  and  then  healing  may  occur  by  means  of  granula- 
tion tissue;  or  extensive  gangrenous  destruction  of  the  Bcrotum  may 
occur.  Abscesses  may  become  enclosed  in  a  fibrous  capsule,  when  the 
contents  may  dry  and  become  caseous  or  calcified,  and  so  persist  for  a 
long  time.     The  acute  inflammation  may  become  chronic. 

Acute  epididipnUis  is  frequently  the  result  of  gonoirhos^  iufectioD, 
and  may  or  may  not  be  associated  with  inflammation  of  the  testis.  The 
products  of  inflammation  may  collect  iu  varying  quantity  in  the  Inmina 
of  the  seminiferous  tubules  and  in  the  ducts  of  the  epididymis,  and  the 
epithelium  of  these  structures  may  degenerate. 

Chronic  Oroliitifl  occurs  as  a  sequel  of  acute  inflammation  or  as  an  in- 
dependent process.  It  may  involve  the  testis,  the  epididymis,  or  the 
spermatic  cord.  The  seminiferous  tubules  may  be  filled  with  desqua- 
mated and  degenerated  epithelium ;  they  may  be  atrophied,  or  their  walla 


Fio.  1T£.-Chronjc  Interstitial  orchctib  witk  atrofut  or  the  Seuiniterous  TrsuLis. 
a,  Tblckeaed  Interuitlal  tlaue ;  e.  tblckened  membrana  propria  ol  Uie  tubules :  d,  aeptreled  eplttkdW  oell 


may  be  greatly  thickened  so  that  they  aie  converted  iuto  dense  fibrous 
cords,  with  partial  or  complete  obliteration  of  their  lumina.  There  is 
usually  a  marked  increase  in  the  interstitial  tissue,  which  causes  atrophy 
of  the  tubules  (Fig.  472).  Thealbuginea  mayl)e  greatly  thickened.  In 
some  cases  the  testis  is  converted  into  a  mass  of  dense  fibrous  tissue,  in 
which  but  little  trace  of  the  original  structure  can  be  made  oat.  The 
new-formed  fibrous  tissue  may  become  calcified.  A  periorchitis  may 
lead  to  thickening  and  union  of  the  layers  of  the  tunica  vaginalis  testis. 
Abscesses  are  not  infrequent  in  connection  with  chronic  orchitis. 
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TuberonlouB  OrohitU  may  occur  in  connection  with  tnberculosis  of  tlie 
other  geuito-arinary  oi^ans  or  the  IniigB,  in  acute  general  miliary  tuber- 
culosis, or  independently.  It  usually  originates  in  the  epididymis,  and 
may  extend  from  there  to  the  testis;  or  it  may  commence  in  the  testis. 
The  appearances  which  the  testicles  present,  when  they  are  the  seat  of 
this  form  of  inflammation,  are  exceedingly  varied  and  often  difficult  of 
interpretation.  This  is  partly  due  to  tixe  complex  stmcture  of  the  oi^n, 
partly  to  the  varied  complicating  simple  inflammatory  changes  which 
the  dififerent  parts  of  the  organ  undergo  in  connection  with  the  tuber- 
culous lesion. 

We  may  find  in  the  testicle  small  circumscribed  masses  of  cells,  visi- 
ble to  the  naked  eye  as  whitish  spots,  which  are  sometimes  composed  of 
small  spheroidal  cells  or  of  larger  polyhedral  or  fusiform  or  round  cells. 
These  occur  in  the  walls  of  seminiferous  tubules  and  blood-vessels,  and 


Fra.  473.— Tdbkhcdlous  ORCHiTia. 

in  the  interstitial  tissue.  Sometimes  associated  with  these  smaller  nod- 
ules, and  sometimes  not,  we  find  larger,  irregular  yellowish  or  gray 
cheesy  masses,  which  may  be  formed  by  the  confluence  and  degeneration 
of  the  smaller  iiodides  (Fig.  47.3).  The  cheesy  masses  may  break  down 
and  open  externally,  giving  rise  to  fistulee,  gangrenous  inllammatiou,  etc. 
Haud-in-haud  with  this  distinctly  tuberculous  nodular  formation  of 
tissue,  which  is  di.si)osed  to  degenerative  changes,  there  are  various  more 
or  less  diffuse  alterations  of  the  parenchyma  and  interstitial  tissue  of 
the  organ  whioh  oft«'n  constitute  a  most  prominent  feature  of  the  lesion. 
The  interstitial  tissne  may  be  more  or  less  densely  and  difl'usely  in- 
filtrated with  small  spheroidal  cells.  The  arteries  are  often  the  seat  of 
obliterating  endai-teritis.  The  walls  of  the  seminiferous  tubules  may  be 
very  mnch  thickened,  so  that  the  lumen  may  be  entirely  obliterated. 


..gle 


720  HEPRODUCTIVB  OEGANS  OF  THE  MALE. 

The  epithelium  lining  the  tubMles  may  be  fatty,  disintegrated,  and  peeled 
off,  or  it  may  have  largely  disappeared.  The  limieii  of  the  tubules  may- 
be filled  with  a  granular,  micleated  mass  which  in  transverse  sections 
looks  like  a  giant  cell.  The  thickened  walls  of  the  tubules  may  be  in- 
filtrated with  small  spheroidal  cells,  so  that  the  underlying  stroma  is 
scarcely  visible.  When  this  occurs  in  connection  with  a  similar  infiltra- 
tion of  the  interstitial  tissue  and  the  formation  of  giant  cells  in  the  lumina, 
we  have  structures  which  present  the  greatest  resemblance  to  some  fonus 
of  tubercle  granula  (Fig.  474). 

Tnbereulous  inflanmiation  may  extend  from  the  testis  to  the  \as  def- 
erens, vesicnlfe  semioales,  and  prostate. 

Syphilitic  Orchiti*,— This  may  occur  in  the  form  of  a  diffuse  new  forma- 
tion of  connective  tissue,  which  may  be  localized  or  be  widely  distributed. 
This  oi^u  becomes  dense  and  firm.     Morphologically  there  is  no  differ- 


Fio. *71.— Chronic  OnrHiTia with  thk  Fobmatios  or  Stbuctihbs  KesKiiBUNo  Mh.iarv  TrBKiCLES. 


a.  TblckenPd  1nl«r«ltJa]  Usuie:  li.  nwa  or  trTanuraroells  In  the  ltit«rMIUal  tlasu' 
bren*  prvprUof  n-nilnll^miiB  tubule:  d.  nmnnf  Beparatnl  opKhetlum  In  lobule;  t.  MKumulUfon  Ot  small 
Bpheroldttl  eellimrounti  tubules:  A  Uilpkened  membrana  propriB  entlosliw  tt.  a  muJUnuclair  miss  resem- 
bJlDgs  ^ant  CPU. 

ence  between  this  form  of  oi-chitis  and  chronic  indurative  orchitis  from 
other   excitants.     It  may  occur  in   childreu   affected   with   congenital 
syphilis.     Gummata  may  form  in  connection  with  the  interstitial  indura- 
tion.    These  may  disai)pear,  leaving  iiTegular  cicatrices. 
In  leprosy,  inflammatory  foci  in  the  testicle  are  commou.' 


Fibromata  occur  in  the  form  of  small  dendritic  or  polypoid  growths  of 
the  visceral  layer  of  the  tunica  va^'inalis.  These  sometimes  become  free 
and  are  found  in  the  sac,  usually  in  connection  with  hydrocele.  Small 
nodular  fibromata  occasionally  occur  In  the  albngiuea  and  in  the  sper- 
matic coitl. 

Lipoma,  either  pnie  or  in  combination  with  myxoma  and  sarcoma, 
nicliltls.  Willi   liililiojinipliy,  consult  fV/iilcit'i.  Arch.  gL'n,  ih 
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may  arise  from  the  coouecti^e  tissue  of  tUe  spermatic  cord  or  from  the 
tunica  albuginea. 

Chondroma,  sometimes  in  a  pure  form,  but  more  frequently  combined 
vith  myxoma  and  sarcoma,  occurs  iu  the  testiclesand  may  attain  a  large 
size.     Oiteoma  has  been  deBcribed. 

Sarcomata  occur  in  the  testes  aud  epididymis,  most  frequently  iu  the 
former.  Tbey  may  be  composed  of  spheroidal  or  spiudle-sbaped  cells; 
they  may  be  soft  or  contain  much  fibrous  tissue ;  they  are  very  frequently 
combined  with  myxoma,  chondroma,  lipoma,  etc.  Owing  to  the  occlu- 
sion of  the  seminiferous  tubules,  cysts  may  be  formed  iu  these  sarcomata. 
In  such  cysts  sarcomatous  tissue  may  occur  in  the  form  of  iutracanalic; 


Fill.  475.— Tehatuui  op  THC  Tlii^icLiL. 
Huses  o[  byallD«  ranllBgH  at  ibe  led:  iiew-tomied  iXjptixX  glBiiilular  Blruoluro  al  iIh!  rUilil. 

ular  polypoid  growtlis.  Thus  the  so-called  cifsto-sarcomata  of  the  testi- 
cle are  formed.  The  walls  of  these  cysts  may  coalesce,  so  that  large, 
irregular  cavities  may  be  formed,  \\'Tien  the  cysts  are  not  filled  by 
polypoid  outgrowths  from  their  walls  they  may  contain  a  mucous,  serous, 
or  bloody  fluid,  or  masses  of  flattened  c«lls,  fat,  and  cholesterin.  The 
cysts  may  be  lined  with  cylindrical,  ciliated,  or  flattened  cells. 

Rhabdomyoma  has  been  sevenil  times  observed,  frequently  iu  com- 
bination with  cysts.' 

Adenoma  is  occa.'<ioua11y  found,  usnally  iu  combination  with  sarcoma 
or  carciuoma,  or  with  cyst  fonnation. 

Carcinoma  of  llie  testicle  is  commonly  of  the  soft  medullary  form,  of 
la,  with  bibliograpliy,  see  Becker,  Vircbott'a  ArcL.,  Bd. 
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rapid  growth,  and  usually  primary.  It  may  commence  iu  the  testua  or 
epididymis.  Usually  ouly  one  testicle  is  involved.  Frequently  the  en- 
tire glandular  portion  of  the  oi^ns  is  replaced  by  the  new  growth.  The 
albtigiuea  expands  with  the  growth  of  the  tnmor,  and  may  continue  to 
enclose  it  even  when  of  lai^  size.  The  tissues  are  often  very  vascular. 
and  haemorrhages,  areas  of  softening,  fatty  and  mucous  degeneration  are 
frequent.  The  inguinal  and  lumbar  lymph-nodes  are  apt  to  become  in- 
volved, and  distant  metastasis  may  occur.  Barely  the  growth  assumes  a 
scirrhous  form. 

CfitB. — Aside  from  the  above-meutioned  cysts  which  occur  in  connec- 
tion with  tumors  and  spermatocele,  cysts  may  be  formed  from  persistent 
remnants  of  Miiller's  canal  iu  the  epididymis,  or  from  obstruction  of  the 
seminiferous  tubules  or  ducts  by  indanimatorj'  products  or  tissue. 

Teratoid  tnmon  of  various  kinds,  with  or  without  cysts,  are  of  infre- 
quent occurrence,  and  are  sometimes  quite  complex  iu  character  (Fig, 
475).  They  may  be  embedded  iu  the  substance  of  the  gland.'  Prob- 
ably some  of  the  above-mentioned  cystic  rhabdomyouiata  belong  here. 

PABASITE8. 
Echinococcni  may  occur  in  the  testis  or  epididymis. 

The  Seminal  Vesicles. 

The  seminal  vesicles  may  be  the  seat  of  acute  or  chronic  inflammation, 
which  is  most  frequently  associated  with  inflammatory  changes  iu  ad- 
jacent parts,  prostate,  urethra,  etc.  As  a  result  of  chronic  inflamnmttou 
the  vesicles  may  be  atrophied,  or  they  may  be  greatly  dilated,  fonuiug 
cysts  due  to  constriction  of  the  ducts.  Tnbercnlona  inflammation  is  usu- 
ally secondary. 

TUltOBS. 

Carcinoma  of  the  rectum  or  other  geni  to -urinary  organs  may  secon- 
darily involve  the  seminal  vesicles.  Small  concretions,  sometimes  con- 
taining masses  of  spermatozoa,  are  occasionally  found  iu  the  seminal 
vesicles. 

The  Prostate. 
DEaBHEKATIOH,   ATROPHT,  AlfD  HTPEBTBOPHT. 

Fatty  and  hyaline  degeneration  of  the  muscle  may  occur  in  the  prostate 
with  or  without  hypertrophy.  Atrophy  of  the  prostate  may  follow  lesiou» 
or  I'emoval  of  the  testicle,  inflammation  of  the  prostate  itself,  aud  may 
occni'  as  a  senile  process.  Dilatation  of  the  ducts  may  accompany  the 
atrojihic  process. 

Hypertrophy. — Eulargement  of  the  prostate — so-called  hypertrophy — 
is  of  frequent  occurrence  in  advanced  years.     It  may  involve  the  entire 

'  ConHiilt  for  teratoid  tumors  of  the  testicle  Witins,  Zlegler'ii  Beitr,  z.  path.  Anat. , 
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organ  or  be  partial ;  it  may  be  nodular  (Fig.  470)  or  dififuse.  The  mid- 
dle lobe  is  most  frequently  involved,  and  this  may  press  upon  the  urethra, 
leading  to  difficult 
urination  and  such 
secondary  alterations 
in  the  bladder  as  are 
associated  with  this, 
i.e.,  hypertrophy  aud 
dilatation  of  the  blad- 
der, or  cystitis,  not 
infrequently  with  in- 
volvement of  the  ure- 
ter and  kidneys. 

Hypertrophy  of 
the  prostate  may  be 
due  to  hyperplasia  of 
the  muscle  and  fibrous 
tissue  of  the  organ; 
at  the  same  time  the 
gland  tissne  may  1>e 
increased  (Fig.  477), 
or  the  latter  may  be 
alone  involved.     The 

,        ,   , .  Fia.  478.— Hyperthofht  or  the  Phostitk. 

increase  m  gland  tis- 
sue has  usually  the  character  of  glandular  hyperplasia.     But  genuine 


FlO.  477.— "  HTPBRTilOPHT  "-HTPIRMjar*— 0»  TBI  PROBTATI. 
Tbere  Is  KlSQdalar  IiTperplula  at  well  an  bjverpiaBtii  ot  Uie  abro-mmcUlBr  Bttom*. 
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adenomata  may  form  both  -nith  and  without  hyperplasia  of  the  connec- 
tive tissue,  muscle,  and  glands. 

In  partial  hypertrophy  there  are  circumscribed  nodules  of  muscle 
tissue  or  of  muscle  and  gland  tissue.  There  are  usually  situated  at  the 
periphery  of  the  organ  and  project  into  the  bladder.  They  may  become 
detached  from  the  prostate,  and  found  as  small,  movable  tumors  beneatli 
the  mucous  membrane  of  the  bladder. 

mTLAMMATIOW.    (Proatatitia.) 

Acute  ezadative  inflammation  of  the  prostate  is  induced  by  gonorrhoea, 
by  injuries,  or,  more  rarely,  is  independent.  It  may  be  acute  or  chronic. 
The  glaud  may  after  a  time  return  to  its  normal  condition,  or  is  gradu- 
ally converted  into  a  mass  of  fibrous  tissue  filled  with  abscesses.  The 
abscesses  may  perforate  into  the  bladder,  urethra,  vesiculse  seminales. 
rectum,  or  peritoneum.  Or  the  inflammation  may  extend  to  the  conuec- 
tive  tissue  of  the  scrotum  or  beneath  the  pelvic  peritoneum.  The  pus 
may  become  thickened  and  cheesy,  or  even  calcified. 

Tnbercnloni  Inflammation  of  the  prostate  usually  accompanies  a  similar 
lesion  of  some  of  the  other  genito- urinary  organs.  Large  cheesy  masses 
are  often  formed,  which  may  break  down  and  open  into  the  bladder  or 
rectum. 

TUHOBS. 

Sarcoma  of  the  prostate  has  been  described.  Adenoma  (Fig.  478) 
occurs  either  with  or  without  an  increase  in  the  fibro- muscular  interstitial 
tissue  and  gland  hyperplasia. 

Carcinoma  is  of  occasional  occurrence,  and  may  be  primary  or  secon- 
dary. 

Cyata  of  the  prostate  are  sometimes  found  either  as  a  result  of  occln- 


ID  tbe  upper  portion  al  the  cut  al  ihe  rinbl.  are  lhrp«  nearly  normal  adnl  of  Uw  proBtaUv  while  tbe  re- 
malDder  snows  varlouii  pbases  ut  n«H-  KiBnd  [ormalliin.  The  pnieuie,  to  addlllon  lo  tbe  circumscribed 
tumor  arowlli.  »af  llie  nest  or  the  usual  tfiandular  and  InleretlUal  liyptrplaalB. 
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sion  of  the  dncts  by  hypertrophy  of  the  interstitial  tissue,  tumors,  etc,  or 
as  a  result  of  faulty  developmeut^ 

PABASITES  AND  OONOBETIONS. 

SohinooMOUB  of  the  prostate  has  beeu  described,  but  is  rare. 

Concretions. — Small  ovoidal  or  spheroidal,  often  browu  or  black  bodies, 
having  the  characters  of  corpora  amylacea,  are  of  very  frequeut  occur- 
rence in  the  alveoli  of  the  prostate,  particularly  in  old  persons.  We  find 
a  certain  number  of  them  in  the  prostate  of  nearly  all  old  men,  but  they 
are  sometimes  present  in  great  numbers.  Larger,  irregular  concretions, 
apparently  formed  by  the  coalescence  or  growth  of  the  smaller  ones,  are 
less  frequently  found,  and  may  be  encrusted  with  lime  salts.  These  con- 
cretions may  give  rise  to  ulceration  of  the  ducts  of  the  gland  or  to  inter- 
ference with  the  passage  of  urine,  bn,t  usually  they  are  of  no  practical 
importance. 

Cowper's  Olands. 

Injlatnmatory  processes,  acute  or  chronic,  may  occur  in  these  organs  in 
connection  with  urethritis  or  prostatitis.  Abscesses  may  form;  the 
glandB,  either  in  a«ute  or  chronic  inflammation,  may  become  enlai^ed 
and  encroach  upon  the  lumen  of  the  urethra.  Retention  q/sts  formed  by 
the  closure  of  the  excretory  ducts  may  also  project  into  the  urethral 
canal. 

The  Hale  Mamma. 

There  may  be  an  abnormal  number  of  niammffl.  In  boys,  at  about 
the  time  of  puberty,  the  mammse  may  be  swollen  and  inflamed  or  they 
may  secrete  milk.  Cases  are  recorded  in  which  adult  males  possessed 
large  mammte  which  secreted  milk.  The  breasts  may  be  enlai^ed  from 
an  increase  of  fat  or  of  connective  tissue. 

Fibroma,  Barcoma,  cysto-earooma,  myxoma,  and  various  forms  of  carci- 
noma' may  occur. 

Cysta  of  the  male  breast  are  not  very  infrequent. 

of  the  male  breast  see  WnrJieM,  .lohns  Hopkins 
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CHAPTER  XII. 

THE  BONES  AND  JOINTS. 


In  old  age  or  in  senile  coDditions  tlie  tmoes  may  become  atrophied  by 
the  absorption  of  the  tiard  tiesHe ;  the  medullary  spaces  are  enlarged,  the 
marrow  tissue  contains  less  fat  and  is  often  gelatinous  in  apj^earauce. 
As  the  result  of  the  lack  of  use,  or  from  any  cause  which  interferes  with 
the  nutrition  of  the  bone,  such  as  paralysis  of  the  muscles  or  diseases  of 
the  joints,  the  bones  may  atrophy.  In  connection  with  atrophy  there 
may  be  an  ossifying  periostitis,  which  results  iu  making  the  bone  look 
even  latter  than  normal.  Many  of  the  conditions  commonly  called 
atrophy,  such  as  the  erosions  of  bones  from  tumors,  etc.,  pressing  npou 
them,  are  really  due  to  a  rarefying  osteitis. 

The  bones,  sometimes  as  the  result  of  atrophy  and  sometimes  from 
causes  which  we  do  not  understand,  are  unusually  brittle  and  liable  to 
fracture.     This  disposition  is  sometimes  hereditary. 

DISTiniBANOES  OF  OIBCTJLATION. 

HypersDiia.— The  e^'idenees  of  this  condition  are  most  marked  to  the 
naked  eye  in  the  periosteum  and  marrow,  particularly  the  latter.  It 
should  be  remembered  that  the  color  of  the  marrow  %'aries  considerably 
under  normal  conditions,  depending  upon  age  and  situation.  In  the 
bones  of  the  foetus  and  new-born,  and  near  the  areas  of  ossification  in  the 
young,  the  marrow  is  normally  red  in  color.  In  adultt)  the  marrow  of 
the  sternum,  vertebrte,  and  to  a  certain  degree  that  of  the  ribs,  pelric 
and  cranial  bones,  and  the  cancellous  tissue  of  the  ends  of  the  long  bones, 
is  red  or  reddish  in  color.  But  most  of  the  marrow,  particularly  in  long 
bones  of  the  extremities,  is  of  a  yellowish  color  from  the  presence  of  fat 
cells.  In  old  age  the  marrow  of  all  the  bones  is  apt  to  become  pale,  and 
to  assume  a  more  or  less  translucent  or  gelatinous  appearance. 

Hyperffimia  usually  occurs  as  an  accompaniment  of  inflammatory  proc- 
esses in  the  bone,  and,  when  marked,  the  periosteum  is  swollen  and  red ; 
the  compact  bone  tissue  may  appear  of  a  pink  color,  while  the  marrow, 
eitlier  by  an  increase  in  the  amount  of  blood  or  absorption  of  its  fat,  or 
both,  may  be  of  a  uniform  dark  red  color  or  mottled  with  red  and  red- 
dish-yellow. 

Htemorrha^. — This  may  be  due  to  wounds  and  injuries,  to  inflamma- 
tory and  necrotic  processes;  and  small  hiemorrhages  often  accompany 
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Bcurvy,  purpura,  hiemorrliagic  diathesis,  and  leukeemia.  Clote  of  con- 
siderable  size  between  the  periosteum  and  bone  may  lead  to  serious  cou- 
sequences,  by  cutting  off  the  blood  sujiply  to  the  superficial  layers  of 
bone  and  thos  iuduciug  necrosis;  but  when  not  liable  to  bacterial  con- 
tamiuatiou  through  contact  with  the  air  they  are  not  usually  of  serious 
import,  and  are  readily  absorbed.  The  smaller  hsemorrhages  of  the 
medulla  are  not  usually  of  much  importance.  The  decomposition  of  the 
extravasated  blood  may  lead  to  extensive  pigmentation  of  the  marrow. 

BEAUNG  OF  WOTTITDB  AND  FRA0T1TBBS  07  BONE. 

The  process  of  healing  in  bone  after  fracture  is,  when  uncomplicated, 
at  6rst  similar  to  that  in  ordinary  healing  by  second  intention  in  fibrous 
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tissue.  The  blood  and  other  exudates  and  the  tissue  detritus  are  gradu- 
ally absorbed  or  disposed  of  by  phagocytes.  By  a  proliferation  of  con- 
nective-tissue cells  of  the  region  a  larger  or  smaller  mass  of  granulation 
tissue  is  formed.  This  granulation  tissue  does  not  at  first  dififer  in 
appearance  from  similar  tissue  formed  elsewhere  in  the  body  in  the 
reparative  phase  of  exudative  inflammation. 

But  soon,  under  the  influence  of  the  specially  endowed  cells  of  car- 
tilage or  bone  or  periosteum,  but  especially  of  the  latter,  the  granulation 
tissue  becomes  partially  replaced  either  by  cartilage,  or  by  a  substance 
resembling  bone  in  general  api>earauce,  but  containing  no  lime  salts. 
ThiH  is  called  osteoid  tissue.  These  new  cartilaginous  and  osteoid  tissues, 
which  are  apt  to  occur  t(^ether,  form  irregular  masses  or  interlacing 
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trabecule  in  the  stroma  of  grauulatiou   timue.     Tbis  cooBtitates  the 

so-called  callus  of  a  uuitiug  fracture  (Fig.  479). 

Gradually  the  osteoid  tissue  becomes  osseous,  and  tbe  masses  of  car- 

til^e  and  bands  of  periosteal  aud  otber  fibrous  tissue,  under  transform- 
atious  practically  identical  with  those  seen 
in  normal  development,  are  converted  into 
bone.  Thus  by  gradual  absorption  and 
re-formation  of  bone  in  tbe  usually  redun- 
dant pn)%'isional  bony  mass,  and  by  the  re- 
adjustuieut  of  its  vascular  channels,  the 
he:iling,  with  more  or  less  permanent  de- 
formity, is  accomplished  (Fig.  480). 

If  the  conditions  be  not  favorable,  the 
healing  of  fractures  may  occur  only  by 
fibrous-tissue  formation,  so  that  so-called 
"  false  joints  "  may  result.  The  healing  of 
other  injuries  and  losses  of  substance  oc- 
curs by  a  process  similar  to  that  described 
in  fractures. 

INFLAMMATION. 
The  jreriosteum,  bone  tissue,  and  mar- 
row are  so  intimately  connected  that  in 
moet  cases  they  all  ^lare  to  a  greater  or 
less  degree  in  the  pathological  alterationB 
of  the  boues.  But  as  sometimes  one,  some- 
times another  is  most  markedly  involved, 
it  is  convenient  to  consider  separately  here 
the  iutlammatory  changes  by  which  they 
are  respectively  affected. 

Periostitis. 
We  may  distinguish  several  forms  of 
periosteal  inflammation. 

Simple  Exadativfl  Periostitis. — This  is 
apt  to  occur  in  children  and  ill-nourished 
persons  after  comparatively  slight  injuries 
or  from  unknown  causes.  The  periosteum 
is  thickeued,  succulent,  congested,  and 
more  or  less  abundantly  infiltrated  with 
leucocytes.  The  periosteum  becomes  less 
Fio.  m-HKALFD^BONE  AyiKB  g^j^  adhcreut  to  the  bone,  and  the  cells 

SHOWS  rwiundant  harci  bone  st-ji.t        of  the  inner  laycFS  are  increased  in  num- 
srai  ,.r  franure.  ^^      ^j^.^  j.^^^  ^^  inflammation  may  ter- 

minate in  it'solution,  or  it  may  lead  to  other  phases  of  inflammation. 

Suppurative  Perioititii  may  begin  as  a  simple  or  as  a  purulent  inflam- 
mation.    The  pus  is  formed  in  the  inner  layers  of  the  periosteum,  and 
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between  it  aud  the  bone.  The  outer  layers  of  the  periosteum  may  for  a 
loug  time  resist  the  suppurative  process.  The  aecuiuulatiou  of  pus  may 
dissect  up  the  membrane  from  the  bone  aud  leave  the  latter  bare.  The 
pus  thus  formed  may  remain  in  this  position  for  a  long  time,  or  be 


absorbed,  or  become  dry  and  cheesy,  or  it  may  burst  through  the  perios- 
teum and  lead  to  abscesses  in  the  soft  i>art8.  The  bone,  if  separated  from 
its  nutrient  membrane,  may  remain  unchanged,  but  more  frequently 
necrosis  or  inflammation  of  the  bone  itself  is  set  up.  Such  a  periostitis 
may  run  an  acute  or  a  chronic  course. 

Sometimes  suppurative  periostitis  takes  on  a  very  malignant  char- 
acter. Pus  is  developed  not  only  beneath,  but  in  the  periosteum,  forming 
abscesses  filled  with  foul  pus.  The  i)eriosteHm  breaks  down  into  a  gan- 
grenous, foul -smelling  muss,  and  the  same  change  may  affect  the  neigh- 
boring soft  parts.     The  medulla  may  take  part  in  the  process  and  break 


1.  48S.— OSSIFTINQ  PERlOETlTia  WITII    LaIUII    ElOSTOaiS— FKHCR. 

d  plateleu  u(  neir-formed  booe.  while  Bbove 
cat  of  iBretylDK  and  tonoiillre  osIeltU. 

down  into  a  pnrulent,  gangrenous  mass.  Hemorrhages  may  complicate 
the  process.  The  lymph-nodes  are  enlarged  and  swollen;  abscesses  may 
form  in  different  parts  of  the  body,  and  the  patient  may  die  with  the 
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Bymptoma  of  pyaemia.  The  Streptococcus  and  Staphylococcus  pyogenes 
are  the  most  common  excitauts  of  suppurative  inflammatiou. 

Fibrons  Perioatitu. — This  is  a  chronic  form  of  inflammatiou,  resulting 
in  the  development  of  new  connective  tissne  iu  the  periosteum,  which 
becomes  thickened  and  dense  and  unusually  adherent  to  the  bone.  It 
may  accompany  necrosis,  chronic  arthritis,  chronic  ulcers  of  adjacent  soft 
parts,  etc.,  or  follow  simple  acute  periostitis. 

OniSying  Feriostltii  results  iu  the  formation  of  new  bone  from  the  inner 
layers  of  the  periosteum.  The  masses  of  new-formed  bone,  called  osieo- 
pkytea,  are  of  variable  shape.  They  may  form  a  thin,  velvet-like,  villous 
layer  (Fig.  483) ;  or  they  are  little  spieula;  or  tliey  form  lai^r,  rounded 
masses  (see  Figs.  481,  482),- .or  a  thick,  uniform  layer  extending  over  a 
large  part  of  a  bone.  They  may  have  at  first  a  loose,  spongy  character, 
and  be  loosely  connected  with  the  old  bone.     But  layers  of  compact  bone 
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tissneare  formed  within  their  medullary  spaces,  which  are  thus  gradually 
filletl,  and  they  join  the  old  bone  so  that  thej'  may  finally  become  as 
compact  as  or  even  more  compi\ct  and  dense  than  normal  l>one  to  which 
they  are  firmly  joined.  The  hyperostose.*"  and  exostoses  thus  formed  may 
remain  indefinitely,  or  they  may  gradually  become  smaller  and  finally 
disappear  by  absorption. 

The  formation  of  new  boue  in  osteophytes,  or  in  dense  masses  beneath 
and  in  the  periosteum,  occurs  as  a  result  of  the  same  process  by  which 
bone  tissue  is  normally  formed.  Certain  large  cells,  called  o^eoblaMs, 
which  ai-e  developed  along  the  blood-vessels,  pos^sess  the  power  of  deposit- 
ing osseous  basemeut  substance  about  themselves  and  so  forming  bone. 
Pathological  new  formation  of  boue  differs  from  the  normal  mainly  in 
the  conditions  under  which  it  occurs.  The  blood-vessels  around  which 
the  pathological  bone  develops,  which  grow  out  of  the  old  vessels,  as  in  the 
formation  of  granulation  tissue,  are  irregularly  arranged  and  subject  to 
a  variety  of  abnormal  nutritive  and  mechanical  conditions,  so  that  the 
new  bone  is  usually  formed,  not  in  a  series  of  definite  systems  of  lamellae, 
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bat,  as  above  described,  in  a  serieB  of  irregular  spicula  or  masses.  More- 
over, as  will  be  seeu  further  on,  the  conditions  under  which  it  is  formed 
being  liable  to  change,  and  itself  serving  no  definite  purpose  in  the  econ- 
omy, as  does  normal  bone,  pathological  new  bone  is  oft«u  an  evanescent 
structure.     The  details  of  its  disappearance  will  be  considered  below. 

Syphilitic PflrioatitiB. — Syphilitic  iufectionmayexcitesimple,  purulent, 
fibrous,  or  ossifying  periostitis.  In  addition  to  these,  gummy  tumors 
may  be  developed  in  the  periosteum.  The  bone  tissue  is  usually  more  or 
less  involved.  The  gummata  may  be  absorbed  or  undei^o  cheesy  degen- 
eration, or  be  converted  into  fibrous  tissue,  or  they  may  suppurate. 

TuberciilonB  Perioititii. — In  badly  nourished  persons,  particularly  in 
children  suffering  from  scrofula,  chronic  purulent  periostitis  is  frequently 


associated  with  the  formation  of  miliary  tubercles.  Abscesses  are  apt  to 
form  in  and  about  the  periosteum,  and  when  these  are  evacuated  granu- 
lation tissue  may  develop,  which  contains  miliary  tubercles.  The  bone 
is  apt  t«  be  involved  to  a  greater  or  less  extent  in  simple  inflammatory 
changes  or  caries  (Fig.  484). 

Osteitis. 
Inflammation  in  bone  tissue  is  dependent  upon  the  same  general  con- 
ditions and  presents  essentially  the  same  series  of  phenomena  as  inflam- 
mation in  other  kinds  of  connective  tissue.  But  it  is  variously  modified 
in  detail  by  the  peculiar  dense  and  unyielding  character  of  the  basement 
substance,  and  by  certain  peculiarities  of  the  blood  supply  and  the 
nutritive  conditions  under  which  the  cells  are  placed.  In  simple  exuda- 
tive inflammation  the  same  series  of  phenomena  occur  in  connection  with 
the  blood -vessels  as  in  other  tissues,  resulting  in  the  production  of  serum, 
fibrin,  and  pns;  but  the  extent  to  which  these  changes  occur  is  lim- 
ited and  constantly  associated  with  striking  alterations  in  the  basemeut 
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BubstaiiL-e.  It  is  these  secondary  alteratious  in  the  basement  sabstance 
wbicb  lend  to  inflaniinatious  of  tbe  boue  their  most  peculiar  characters, 
and  iu  tbe  prominence  vbieb  these  assume  the  fundamental  alterations 
are  often  overlooked.  The  most  common  of  these  secoudan'  alter- 
ations ai'e  the  absorption  of  the  hard  basement  substance  of  tbe  bone  and 
its  replacement  by,  or  conversiou  into,  young  cellolar  forms  of  fibrillar 
connective  tissue  or  marrow  tissue,  and  tbe  new  formation,  in  a  more  or 
less  typical  manner,  of  new  bone.  As  a  result  of  these  changes  the  bone 
in  simple  inflammation  becomes  more  vascular,  and,  with  au  increase  of 
spaces  filled  with  granulation  or  marrow  tissue,  more  porous  at  the 
expense  of  the  dense  basement  substance.  Or  the  new-formed  spaces 
or  the  marrow  cavities  may  be  constantly  encroached  upon  by  the  uew- 
formed  boue  lamellse  on  their  walls,  so  that  the  bone  t>ecomes  nioi-e  com- 
pact. Or,  as  is  frequently  the  case,  both  series  of  changes  occur  either 
simultaneously  in  different  regions,  or  follow  each  other,  or  are  vari- 
ously associated  together.  Very  frequently  one  or  the  other  of  the  oppos- 
ing forms  of  alteration  predominates,  or  one  may  occnr  to  the  exclusion 
of  the  other,  and  we  thus  have  two  prominent  forms  of  inflammation, 
which  are  called  rarefying  oeteUis  or  osteoporosis,  and  condermng  osteifu  or 
oaleo-sclerosU.  The  exact  nature  of  the  conditions  under  which  iu  one 
case  the  bones  become  more,  iu  another  less  dense,  we  do  not  understand. 
Furthermore,  more  or  less  characteristic  forms  of  inflammation  may  occur 
in  syphilitic  and  tuberculous  infection — syphilitic  and  tuberculous  odeitU. 
Suppurative  osteitis  may  further  complicate  tbe  process. 

In  addition  to  these  phases  of  inflammation  in  bone,  and  iu  frequent 
and  varied  association  with  them,  there  are  alteratious  leading  to  death 
and  destruction  of  bone  tissue  in  greater  or  less  amount,  which  are  called 
caries  and  necrosis.  Finally,  any  of  these  forms,  and  commonly  several 
of  them  at  once,  are  variously  associated  with  more  or  less  marked 
inflammatory  or  degenerative  alterations  of  the  periosteum  on  the  one 
hand,  or  the  marrow  tissue  ou  the  other,  or  of  both  combined. 

Barefying  OateitiB  consists  essentially  in  the  formation  in  the  marrow 
BX>aces,  Haversian  canals,  or  beneath  the  periosteum,  of  new,  verj-  cel- 
lular and  vascular  tissue,  resembling  granulation  or  young  marrow  tissue, 
under  whose  influence  the  basement  substance  of  the  bone  is  absorbed. 
This  absorption  of  the  bone  tak&s  place  lai^ely  as  boue  is  absorbed  in 
normal  growth,  namely,  under  the  influence  of  certain  large  cells,  which 
are  grouped  around  the  blood- vessels.  If  a  thin  section  of  bone  which 
is  undei^oiug  absorption  be  examined  (Fig.  485),  the  edges  of  the  bone 
which  border  on  the  vascular  surfaces  are  found  irregularly  indented  by 
deep  or  shallow  depressions,  sometimes  simple,  sometimes  quite  complex. 
These  are  called  Hotrship's  lacuniEtind  are  usually  filled  or  lined  by  larger 
and  smaller  granular,  frequently  mnltiuuclear  cells — the  so-called  osteo- 
clasts. In  the  larger  lacunse  there  may  be  granulation  tissue  with  loops  of 
blood-vessels,  with  or  without  osteoclasts.  Under  the  influence  of  tbe 
osteoclasts  or  of  the  new  vascular  tissue,  the  bone  is  gradually  ab- 
sorbed. 
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Oa  the  other  band,  there  may  be  irregular  branching  chauoels  through 
the  boue  across  the  lamellte,  vhich  appear  to  be  due  to  the  eulargement 
aud  coalesceuee  of  the  lacuuee  and  eanaliculi,  vithout  the  direct  influence 
of  blood-vessels  or  other  cells  than  the  fixed  cells  of  the  boue. 

The  tissue  which  replaces  the  absorbed  boue  may  be  very  rich  in 
small  spheroidal  cells,  or  it  may  be  more  or  less  fibrillar. 

As  a  result  of  this  pi-oeess  irregular  islets  of  bone  tissue  may  be 
entirely  separated  from  adjacent  bone  and  snrrouuded  by  a  more  or  lees 
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fibrillar  vascular  tissue ;  this  is  most  apt  to  occur  iu  the  cancellous  tissue. 
Or  the  originally  compact  boue  may  become  traversed  by  a  series  of  lai^r 
aud  smaller  irregular  branching,  communicating  channels  with  ragged 
walls.  These  progressive  alterations  may  cease,  and  be  succeeded  by  a 
new  formation  of  bone  along  the  edges  of  the  channels  or  cavities. 

Earefying  asteitis  may  occur  as  an  independent  process  from  unknown 
causes;  it  is  often  associated  with  scrofula,  with  diseases  of  the  joints, 
with  fractures  or  other  injuries  to  the  bone ;  it  often  forms  a  predominant 
feature  in  tuberculous  iuflainmatiou  of  the  bones.  It  is  chiefly  by  a 
rarefying  osteitis  that  bone  tissue  is  ei-oded  and  destroyed  in  the  vicinity 
of  tumors,  aneurisms,  etc.,  which  exert  pressure  on  the  bones.  By  the 
same  process  the  sharp  ends  of  fractnred  boue  may  be  rounded  off  aa 
healing  proceeds, 

\\'Tieu  this  form  of  inflammation  occurs  in  cancellous  l)one  tissue  the 
marrow  is  red  or  gelatinous,  and  the  bony  septa  may  disappear  altogether, 
so  that  in  extreme  cases  there  may  be,  instead  of  cancellous  bone,  a  mass 
of  granulation  ti,s.sue.  When  the  process  occurs  in  the  articular  extrem- 
ity of  a  bone  the  granulating  medulla  may  send  little  offshoots  through 
the  aiticular  caiiilage.     These  may  become  fused  together  aud  iuflam- 


DigitizedbyGoOglC 


734  THE  BONES  AND  JOINTS. 

mation  of  the  joint  may  follow.  The  walls  of  the  shafts  of  the  long 
bones  may  be  converted  into  spongy  tissue.  If,  as  is  sometimes  tlie  caae, 
an  ossifying  periostitis  occnis  at  the  same  time,  the  bone  is  tliickened  bat 
spongy ;  or  sometimes  there  are  conceatric  layers  of  compact  bone  tissne, 
separated  by  rarefied  bone. 

Condenaing  Oateitia  (Osteo-Solerosii). — This  lesion  is  characterized  by 
the  new  formation  of  bone  in  the  walls  of  the  marrow  cavities  or  Haver- 
sian canal&  The  bone  is  formed  under  the  influence  of  the  blood-vessela 
and  osteoblasts,  as  in  normal  bone  formation,  but  with  less  regularity. 
It  may  result  in  the  conversion  of  cancellons  tisane  into  compact  bone, 
in  the  fiUing-up  of  the  medullary  cavity  of  long  bones  with  more  or  less 
dense  bone  tissue.  The  compact  bone,  owing  to  the  filling  of  its  Haver- 
sian canals,  may  become  very  dense  and  ivory-like.     When  the  medullary 
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cavities  of  long  bones  are  involved  the  yellow  marrow  is  converted  into 
red  marrow  by  the  absorption  of  fat  and  increased  vascularity. 

Osteosclerosis  is  frequently  associated  with  ossifying  periostitis.  It 
often  follows  rarefying  osteitis,  and  then  the  Howship's  lacunae  resulting 
from  the  original  absorption  process  may  he  filled  and  covered  in  with 
new  bone  lamellie  (Fig,  486),  It  is  apt  to  occur  in  connection  with 
necrosis  or  chronic  inflammation  of  adjacent  soft  parts,  but  it  sometimes 
occurs  independently  under  unknown  conditions. 

Sappnrative  Osteitii  (Abue»  of  Bone).— This  process  occurs  nsnally  in 
the  ends  of  the  long  bones,  and  is  associated  with  rarefjang  osteitis.  As 
the  bone  tissne  is  absorbed,  a  circumscribed  cavity  may  be  formed  in  the 
bone,  filled  with  pus  and  lined  with  granulation  tissue. 

Less  frequently  abscesses  are  formed  in  the  shaft  of  a  long  bone  by 
eircnmscribed  suppuration  of  the  medulla.     Such  abscesses  may  ocoiir  in 
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old  people  and  may  be  of  long  daration.  They  may  gradually  enlai^ 
and  be  accompanied  by  an  ossifyiug  periostitis,  so  that  the  bone  is  ex- 
panded. The  abeceesee  in  sappurative  osteitis  sometimes  develop  rapidly 
and  may  perforate.  On  the  other  hand,  instead  of  abscesses,  there  may 
be  a  diffuse  infiltration  with  pus  of  the  HaversiaD  canals  or  of  the  spaces 
formed  by  rarefying  osteitis  (see  Osteomyelitis,  below). 

Orteomyelitia. — The  tissues  of  the  medulla  so  frequently  share  in  the 
inflammatory  processes  in  bone  that  many  conditions  described  as  osteitis 
are  really  osteomyelitis.  It  is  customary,  however,  to  reserve  the  latter 
name  for  those  cases  in  which  the  medulla  is  primarily  or  chiefly  involved. 

AcxTTE  Infectious  Osteomyelitis.— This  may  occur  as  the  result 
of  a  local  injury  which  penuita  the  access  or  favors  the  development  of 
pyogenic  micro-organisms ;  it  may  be  metastatic,  resulting  from  the  trans- 
portation of  infections  material  from  other  parts  of  the  body  in  septi- 
ctemia  and  pya;mla,  in  typhoid  fever,  in  the  exanthematous  fevers,  and 
under  other  conditions;  or  it  may  occur  without  evidence  of  local  predis- 
position or  of  infectious  processes  in  other  parts  of  the  body. 

The  lesions  of  acnte  infectious  osteomyelitis  are,  in  the  large  majority 
of  cases  at  least,  due  to  the  presence  and  action  of  the  pyogenic  cocci, 
the  Staphylococcus  pyogenes  and  the  Streptococcus  pyogenes,  and  in 
many  of  its  forms  it  may  be  regarded  as  one  of  the  phases  of  sepdctemia 
or  septico-pyteniia. 

While  the  lesions  vary  widely,  the  following  general  description  is 
applicable  to  a  considerable  proportion  of  the  cases : 

At  the  commencement  of  the  disease,  which  usually  begins  in  the  shaft 
of  one  of  the  long  bones,  there  are  hypersemia  and  oedema  of  the  medulla, 
so  that  if  the  bone  be  opened  the  marrow  is  soft  and  of  a  dark-red  color. 
A  diffuse  suppuration  now  rapidly  ensues,  and  the  marrow  becomes 
streaked  or  mottled  with  gray.  Occasionally,  though  uot  often,  larger 
and  smaller  abscesses  may  form  in  the  marrow.  The  inflammatory  areas 
may  be  circumscribed ;  or,  iu  the  more  malignant  ca^s,  the  entire  mar- 
row may  become  rapidly  involved.  The  cancellous  tissue  of  one  or  both 
of  the  epiphyses  usually  becomes  involved.  The  disease,  however,  ia 
not  commonly  c^ufined  to  the  medullary  spaces.  The  periosteum  becomes 
oedematous  and  infiltrated  with  pus,  and  the  surrounding  soft  parts  may 
become  the  seat  of  intense  inflammatory  changes.  Abscesses  of  the  peri- 
osteum or  surrounding  tissues  are  apt  to  form.  As  a  result  of  these 
changes,  necrosis  of  greater  or  leas  portions  of  the  bone  may  ensue.  The 
medullary  cavity  may  become  enlarged  as  pus  accumulates,  and  the  wall 
of  the  bone  may  be  broken  through,  permitting  the  discharge  of  pus  out- 
ward. Sometimes  several  bones  are  involved  at  once.  Secondary  in- 
volvement of  the  joints  is  very  frequent.  Here  there  may  be  only  a 
serous  or  purulent  exudation ;  or  the  acute  and  destructive  inflammatory 
process  may  extend  beneath  the  joint  and  produce  extensive  alterations. 
In  young  persons  the  epiphyses  very  frequently  become  separated  from 
the  shaft  by  the  destruction  of  the  cartilage  which  binds  them  together. 

In  the  severer  cases,  which  are  often  called,  par  excellence,  nLalignaat 
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osteomyelitis,  the  changes  may  be  very  rapid  and  destructive.  The 
meduHa  is  disintegrated  and  gangrenous;  the  joints  are  soon  in\'oI^'ed; 
necrosis  of  large  portions  of  the  bone,  sometimes  of  the  whole  shaft, 
occurs;  the  periosteum  and  surrounding  parts  become  gangrenous;  the 
veins  contain  thrombi ,  and  pyiemic  infarctions  aud  abscesses  may  form 
in  various  parts  of  the  body, ' 

CHEosrc  Osteomyelitis. — In  prolonged  cases  of  osteomyelitis  there 
is  apt  to  be  more  or  less  ossifying  periostitis  and  osteosclerosis,  and 
fistula  may  form  in  the  bone,  through  which  the  exudates  are  dis- 
chai^d.' 

TnbercnlooB  Osteitis  is  essentially  a  rarefying  osteitis  associated  with 
the  formation  of  tuberele  tissue  and  cheesy  degeneration.  The  tubercles 
are  sometimes  small,  scattered,  and  miliary  inform  (see  Fig.  487);  some- 
times they  unite  to  form  larger  aud  smaller  masses.     There  may  be 


FIG.  ■WT.-riBiuia-toia  osTtins. 

A  mtllar;  (uben^le  tunned  In  (he  ranivlluus  tissue  near  Ibe  Jolnl  In  tuberculuiu  u-ltarlUs. 

extensive  involvement  of  the  medulla.  There  may  be  much  simple  gran- 
ulation tissue  or  the  fornmtioii  of  abscess  lussociated  with  the  process. 
Earefying  and  condensing  osteitis  and  necrosis  are  not  infrequently 
present,  so  that  the  bone  becomes  spongy  and  fragile  (Fig.  485).  Tuber- 
culous osteitis  is  often  as-sociated  with  tuberculous  inflammation  of  the 
joints  (Fig.  484).  It  is  most  apt  to  occur  in  cancellous  bone  tissue,  and 
is  most  comnton  in  the  bodies  of  the  vertebrie  and  in  the  cari>al  and  tarsal 
bones. 

Syphilitic  Osteitia. — Syphilitic  infection  may  lead  to  one  or  other  of  the 

'Consult  for  an  elaborate  treatmeut  of  ncute  osteomyelitis  in  Its  relaliooship  to 

other  forms  of  inflammation,  witli  bibliography,  Jordan,  Beitr.  z.  klin.  Cliir.,  Bd.  x,,  p. 

587.     For  a  study  of  tins  condition  in  rlii]dhoi>d  see  Soplik  and  Van-  Aridale,  Am.  Jour. 

Med.  SdenMS.  vol.  dli..  pp.  423  and  535.  1892. 

'For  a  rfstimij  of  tlit  deformities  resulting  troiu  osteomyelitis  consult  Park,  Hedi. 
eal  Record,  Noveml>er2d,  18115. 
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forme  of  osteitis  just  described,  or  gummatous  uodules may  form.  Syph- 
ilitic osteitis  usually  commences  iu  the  periosteum,  which  becomes  tbick- 
eued  aud  infiltrate  with  cells,  bo  tbat_  there  may  be  a  circumscribed 
thickening  of  the  perioetenm,  with  or  without  distinct  gummata.  The 
vessels  which  extend  from  the  periosteum  iuto  the  boue  become  sur- 
rounded by  new  cellular  tissue,  which  causes  an  enlargement  of  the 
canals.  At  this  stage,  if  the  periosteum  be  stripped  off,  it  drags  with  it 
the  vessels  surrounded  by  the  Uew  cell  growth,  leaving  the  bones  beneath 
with  numerous  small  i>erforatious  extending  inward.  As  the  disease 
progresses  the  channels  in  the  boue  enlarge  by  a  rarefying  osteitis  and 
coalesce,  forming  large,  irregular  defects  filled  with  new  fibrous  tissue. 
Iu  these  masses  of  new  tissue,  cheesy  degeneration  may  occur,  so  that  the 
new  growth  has  more  or  less  of  the  character  of  a  gumma.  In  the  vicin- 
ity of  these  gumma-filled  spaces  a  condensing  osteitis  may  occur,  both  iu 
the  substance  of  the  bone  and  on  the  surface,  in  the  form  of  osteophytes, 
so  that  the  opening  in  the  bone  may  be  surrounded  by  an  elevated,  irreg- 
ular ring  of  bone  tissue.  All  this  may  occur  beneath  the  uuinvolred 
skin,  or  the  skin  may  participate  by  a  suppurative  inflammation,  result- 
ing iu  ulceration.  These  processes  may  be  circumscril)ed  or  involve  a 
large  part  of  a  bone.  It  is  not  infrequently  associated  with  necrosis  of 
larger  and  smaller  portions  of  bone.  The  syphilitic  tissue  may  be  ab- 
sorbed and  its  place  be  more  or  less  filled  with  fibrous  tissue.  Syphilitic 
osteitis  is  most  frequent  iu  the  cranial  bones,  but  may  occur  elsewhere, 
as  iu  the  sternum,  clavicle,  tibia  and  fibula,  the  ribs,  etc. 

Congenital  Syphilis. — The  bones  of  young  children  in  this  condition 
may  show  increased  density  or  evidences  of  periostitis,  or  irregular  thick-  ^ 
euings,  particularly  of  the  skull.  Characteristic  lesions  are  frequently 
found  iu  the  long  bones  in  still-boru  or  young  children  who  are  the  vic- 
tims of  hereditary  syphilis.  These  lesions  are  found  for  the  most  part 
along  the  border  zone  between  the  epiphysis  and  diaphysis.  In  normal 
ossification  of  the  long  bones,  the  boi-der  line  between  the  calcification 
and  ossification  zones  is  narrow,  sharply  defined,  and  straight,  or  lightly 
and  evenly  curved.  In  the  syphilitic  bones,  on  the  contrary,  tins  line  is 
broader,  uneven,  and  presents  various  modifications,  which  merge  into  ; 

one  another,  so  that  all  intermediate  tonus  may  be  seen.  In  a  lesion  of 
moderate  gr.«ic  there  may  be,  between  tlie  cartilage  and  the  new-formed 
spongy  bone,  a  white  or  reddish-white  zone,  about  2  mm.  in  breadth, 
with  very  irregular  borders,  consisting  of  calcified  cartih^e,  in  which  the 
linear  groups  of  cartilage  cells  are  more  abundant  than  normal.  In  more 
pronounced  lesions  the  calcified  zone,  still  containing  an  unusual  number 
of  cartilage  cells,  is  hnwider  aud  still  more  irregular  and  less  sharply  out- 
lined against  the  ossification  zone.  The  csvrtilage  just  beyond  it  is  softer 
and  almost  gelatinous,  and  may  contain  numerous  blootl- vessels,  islets  of 
connective  tissue  or  of  calcification,  or  irregular  ossification.  Finally 
the  bone  may  be  poncheil  out  at  the  sides  around  the  ossification  and 
calcification  zones,  and  the  perichondrium  and  periosteum  thickened. 
The  whitish,  irregular  calcified  zone  is  hard  and  friable.  Between  this 
and  the  new-formed  bone  tlieie  is  au  irregular,  soft,  gray  or  grayish- 
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yellow  zone,  from  2  to  4  mm.  in  thickoess,  which  forms  a  loose,  readily 
separated  coonection  between  the  cartilage  and  the  diaphysis.  The 
white,  friable  zone  consists  mainly  of  irregular  rows  of  degenerated  and 
distorted  cartilage  cells  lying  in  a  calcified  basement  substance,  of  irr^- 
alar  masses  of  atypical  bone  tissue,,  and  of  blood-vessels  snrroanded  by 
variously  shape<l  cells.  The  soft  zone  consists  of  more  or  less  vascular 
tissue  with  homogeneous  basement  susbtauce,  and  round  and  spindle 
shaped  cells.  This  soft  zone  is  not  sharply  outlined  against  the  adjoin- 
ing new-formed  spongy  bone,  which,  inst^id  of  consisting  of  the  normal 
marrow  spaces  with  bony  lamella;  beween  them,  is  largely  composed  of 
granulation  tissue. 

Different  phases  of  this  faulty  development  may  be  seen  in  different 
bones  in  the  same  individual.  According  to  Wegner  the  lesion  is  nsnally 
most  advanced  in  the  lowei  end  of  the  femur,  then  in  the  lower  ends  of 
the  leg  bones  and  of  the  forearm,  then  in  the  upper  ends  of  the  tibia, 
femur,  and  fibula. 

Not  infrequently  thei-e  is  fatty  degeneration  of  the  marrow  cells  and 
blood-vessels,  giving  the  marrow  a  reddish -yellow  color.  These  altera- 
tions of  the  boues  may  occur,  not  only  iu  children  who  have  gummata  in 
other  parts  of  the  body,  but  also  in  those  in  whom  other  evidences  of 
syphilitic  infection  are  absent.  So  uniform  is  their  occurrence  that  their 
presence  alone  suffices  for  the  establishment  of  a  diagnosis. 

HECKOSIS. 

Necrosis  is  the  death  of  a  lai^er  or  smaller  portion  of  bone.  This 
may  be  induced  by  conditions  whi(b  deprive  the  bone  of  its  proper  vas- 
cular supply  from  the  periosteum  and  medulla.  It  may  be  associated 
with  suppurative  periostitis,  osteomyelitis,  and  osteitis,  traumatic  sepa- 
ration of  the  i>eriosteum,  ulcers  of  neighboring  soft  parts,  emboli,  the 
actionof  phosphorus  vapor,  audexhaastive  infectious  diseases.  Necrosis 
is  a  pure  form  of  gangrene,  diflfering  from  gangrene  of  soft  parts  in  that 
the  dead  bone  has  at  first,  and  may  retain  for  a  long  time,  the  general 
outward  characters  of  the  normal  bone ;  while  in  dead  soft  parts  rapid  ab- 
sorption may  occur,  or  should  bacteria  of  various  forms  be  present,  or  gain 
access  to  the  dead  tissue,  putrefaction,  with  complex  changes,  may  ensue. 

When  a  portion  of  bone  has  died  inflammation  occurs  at  the  dividing- 
line  between  the  dead  and  living  bone.  This  inflammation  has  the  char- 
acters of  a  rarefying  osteitis  (see  above),  and  finally  separates  the  dead 
from  the  living  bone.  The  dead  bone,  or  sequestrum,  may  remain  smooth 
and  unalteretl  (Fig.  488),  or  it  may  be  eroded  by  the  influence  of  sur- 
rounding pus  or  granulation  tissue  or  osteoclasts.  In  this  way  it  is  pos- 
sible for  the  sequestrum,  if  it  be  small,  to  be  entirely  absorbed.  More 
frequently  there  is  a  production  of  new  bone  around  the  sequestrum, 
either  beneath  the  periosteum  or  in  the  substance  of  the  bone,  and  this 
becomes  lined  with  granulation  tissue,  from  which  pus  may  contiuue  to 
be  formed,  bathing  the  sequestrum. 
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Necrosis  may  involve  the  superficial  layers,  or  the  entire  thickness  of 
the  wall  of  a  long  bone,  or  only  the  spongy  tissue  and  inner  layers,  or  an 
entire  bone,  or  a  number  of  different  portions  of  the  same  bone,  but  it  is 
moBt  apt  to  occur  in  compact  bone. 

The  death  and  separatiou  of  the  bone  may  he  soon  followed  by  the 
growth  of  new  bone  to  repair  the  loss.  The  periosteum,  the  medulla, 
and  the  surrounding  soft  tissues  may  all  take  part  in  this  new  growth. 
The  new  bone  is  usually  irr^ular,  rough,  and  perforated  with  opeuinga 
through  which  pus  formed  around  the  sequestrum  may  be  dlachai^ed. 
If  the  sequestrum  be  removed,  healing  may  occur  by  the  formation  of  new 
bone ;  but  the  bone  is  usually  more  or  less  distorted  by  the  irregular  new 
ossification. 

Photphorus  Necrotis. — Under  the  influence  of  phosphorus  vapor,  peri- 
ostitis and  osteitis,   particularly  of  the  jaw,  are  apt  to  occur,   which 
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usually  lead  to  more  or  less  extensive  necrosis,  generally  associated  with 
prolonged  and  often  extensive  suppuration. 


Caries  of  bone  is  essentially  an  ulcerative  osteitis  resulting  in  progres- 
sive  molecular  destruction  of  the  bone  tissue.  It  differs  from  necrosis  in 
that,  in  the  latter,  larger  and  smaller  masses  of  bone  die,  while  in  caries  the 
destruction  is  molecular  and  gradual  (Pig.  489).  It  may  occur  in  connec- 
tion with  any  form  of  osteitis,  with  periostitis  and  osteomyelitis,  or  it  may 
be  secondary  to  inflaiumatorj-  or  destructive  processes  in  the  joints  or  ad- 
jacent soft  parts.  The  depi-es.sed  surfaces  of  bones  in  which  caries  is  pro- 
gressing are  rough  and  more  or  less  finely  ja^ed,  and  may  be  covered 
with  granulations.  The  minute  changes  by  which  ulceration  and  destmc- 
tion  of  the  boue  are  produced  in  caries  are  somewhat  analogous  with  those 
ill  rarefying  osteitis,  but  there  are  marked  degenerative  changes  in  the 
bone  cells,  which  may  become  fatty  or  converted  into  a  granular  ma- 
terial. Moreover,  the  basement  substance  of  the  bone,  instead  of  being 
absorbed,  may  disintegrate,  with  the  formation  of  larger  and  smaller 
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masses  of  detritas.     Sometimes  the  lime  salts  are  removed  from  the  base- 
tiieiit  siibstaiice,  vbich  is  converted  into  atypical  fibrillar  tissue  and  fatty 
aiid    granular   deti-itus.     Verj-    ex- 
tensive   suppurations  aud    necrosis 
may  be  associated  with  caries. 

Long-coutiuued  caries,  especial- 
ly in  badly  nourished  iudi\iduals,  is 
apt  to  become  complicated  with  tu- 
berculous inflammation. 

There  is  very  little  tendeocy  to 
spontaneous  healing  ia  caries,  but  it 
may  occur,  and  the  defects  produced 
may  be  more  or  less  supplied  by 
means  of  new-formed  bone. 

RACHITIS.  (BickeU.) 
Bickets  is  a  developmental  dis- 
ease of  bone,  in  which  the  proper 
ossification  does  not  take  place.  The 
disease  usually  occurs  during  the 
first  two  years  of  life,  but  may  be 
(.ongeuital, '  or  may  occur  as  late  as 
the  twelfth  year. 

The  physiological  growth  of 
bones  presents  three  phases.  They 
grow  in  length  by  the  production  of 
bone  iu  the  cartilage  between  the 
epiphysis  and  diaphysis;  iu  thick- 
ness, by  the  growth  of  bone  fmui 
the  inner  layers  of  the  periosteum. 
At  the  same  lime  the  medullary 
canal  is  enlarged,  in  proportion  to 
Fio.  48B.-CiKms  o»  TM  vbbtsbe*.  the  growth  of  the  bone,  by  the  disap- 

pearance of  the  inner  layers  of  bone. 
In  rickets  these  three  phases  of  growth  are  abnormal.  The  carti- 
laginous aud  subiwriosleal  cell  growth,  which  jirecedes  ossification,  goes 
on  wilh  increiised  nipidity  and  exuberance  and  in  an  iri-egular  manner, 
both  between  the  epiphjses  and  diaphyses  aud  beneath  the  periosteum, 
while  the  a^-tual  ossification  is  imperfect,  irregular,  or  wanting.  At  the 
same  time  the  dilatation  of  the  medullary  cavity  goes  on  irregularly 
and  often  to  an  excessive  di^rce. 

If  one  examine  microscopically  in  a  rachitic  bone  the  region  between 
the  epiphysis  and  diaphysis  (Fig.  4fl0),  he  finds  that  the  cartilage  cells 
me  not  regularly  arranged  in  rows  along  a  definite  zone  in  advance  of  the 
line  of  ossificiition,  as  in  normal  development,  but  that  thei*  is  an  irreg- 
ular heaping-up  of  cartilage  cells,  sometimes  in  rows,  sometimes  not, 

'  S„!rflli.  Zieglcr'a  Bcilrilgp  z.  path.  Anat..  plc.,B<l.  wi,,]!.  29,  1804,  biblioprapliy. 
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over  an  ill-deflned  auci  irregular  area.  The  zone  of  calcificatiou  alao, 
instead  of  being  narrow,  regular,  and  sharply  defined,  is  lacking  in  uni- 
formity. Areas  of  calcificatiou  may  be  isolated  in  the  region  of  prolifer- 
ating cartilage  cells,  or  calcification  may  be  altogether  absent  over  con- 
siderable areas. 

Cori-esponding  to  these  irregularities  the  ossification  zone  is  also  irreg- 
ular. New-formed  bone  and  marrow  cavities  containing  blood-vessels 
may  lie  in  the  midst  of  the  cartilage,  or  masses  of  cartilage  may  lie  deep 
in  the  region  which  should  be  completely  ossified.  In  other  plates  it 
seems  as  if  the  cartilage  tissue  were  directly  converted  into  an  ill-formed 
bone  tissue  by  metaplasia  or  direct  transformation.  It  will  readily  be 
seen  from  this  that  the  medullary  spaces  of  the  new-formed  bone  are 
irregular,  and  this  abnormality  is  enhanced  by  the  premature  intra-med- 
ullary  absorption  of  the  bone. 

Similar  irregularity  in  the  bone  formation  may  be  seen  beneath  the 
periosteum.  An  excessive  proliferation  of  cells  in  the  inner  layei'S  of 
the  periosteum,  the  irregular  calcification  which  occurs  about  them,  ajid 
the  absence  of  uniformity  in  the  elaboration  of  ill-structured  bone,  con- 
spire to  produce  an  irregular,  spongy  bone  tissue  instead  of  the  compact, 
lamellated  tissue  which  is  so  necessary  here  for  the  solidity  of  the  struc- 
ture. The  increased  cell  growth  between  the  epiphyses  and  diaphyses 
produces  the  peculiar  knobby  swellings  which  are  characteristic  of  rickets. 
At  the  same  time  the  medullary  cavity  increases  rapidly  in  size  and  the 
inner  layers  of  the  bone  become  spongy.     The  medulla  may  be  congested. 


zoae  Id  h  lanBttudlDal  aecllon  or  a  rib. 

and  fnt,   if  it  has  formed,  may  be  absorbed,  and  a  modified  form  of 
osteitis  may  ensue. 

The  result  of  these  processes  i-s  that  the  bones  do  not  x>ossess  solidity 
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and  canDOt  resist  the  tractiou  of  the  muscles  or  outside  preflsnre.  The 
epiphyses  may  be  displaced  or  beut,  especially  in  the  ribs,  less  frequently 
in  the  long  bones.  The  long  bones  aud  the  pelvic  bones  may  be  bent 
into  a  variety  of  forms  (Fig.  491).  lucomplete  fractures  are  not  Infre- 
quent. Complete  fractures  do  not  usually  occur  until  the  later  st^^s  of 
Uke  disease,  when  the  boues  have  become  more  solid.     In  the  he-id,  the 


rin.  «1.— RicKtrs. 
EtionlnK  lirrttular  uutnititluD  and  beadlDg  ot  tbe  loim  booes. 

cranium  may  be  unnaturally  large  for  the  size  of  1  he  face ;  the  foutanelles 
aud  sutures  may  remain  open;  the  bones  may  be  soft,  poroas,  and 
hypenemic,  while  at  their  edges  there  may  be  rough,  bony  projections 
beneath  the  pericranium.  Sometimes,  especially  in  the  occipital  boue, 
there  are  rounded  defects  in  the  boue,  filled  only  with  a  fibrous 
membraue;  this  constitutes  one  of  the  forms  of  so-called  Cranioiabea 
(Fig.  492). 
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It  does  not  fall  within  the  scope  of  this  work  to  describe  the  various 
deformities  which  may  occur  as  a  result  of  this  disease.  The  familiar 
pigeou  breast ;  the  rows  of  knobs  along  the  sides  of  the  chest  from  bend- 
ing aud  dilatation  of  the  ribs  at  the  point  of  junction  of  cartili^e  and 
bone;  the  knock -kuees,  bow-legs,  spinal  curvatures,  etc.,  may  all  be 
the  result  of  rachitic  weakening  of  the  bones. 

After  a  time  the  rachitic  process  may  stop  aud  the  bones  take  on  a 
more  normal  character.  The  porous  bone  tissue  becomes  compact  and 
even  umiaturally  deuse ;  the  swellings  at  the  epiphyses  disappear;  many 
of  the  deformed  bones  may  become  of  a  normal  shape.     In  severe  cases, 


FIG.  «*.— CBAMOTABKa. 

TbtB  Bkull  <>[  a  cblld  la  Ivfte.  lie  boi 

however,  the  deformities  continue  through  life;  especially  there  is  a  ces- 
sation of  the  growth  of  the  bones  in  their  long  asis,  so  that  the  persons 
affected  are  dwarfed. 

The  disease  may  have  an  acute  or  a  chronic  character.  The  acute 
form  begins  usually  during  the  first  six  months  of  life.  The  children  are 
apt  to  suffer  from  vomiting,  diarrhcea,  profuse  sweating,  chronic  bron- 
chitis and  pneumonia,  general  anemia,  and  wasting.  They  either  die  or 
the  rachitic  process  i.s  gradually  developed.  The  chronic  form  is  seen  in 
older  children,  and  often  in  those  apparently  healthy.  The  changes  in 
the  bones  may  take  place  without  constitutional  symptoms,  though  there 
are  often  catarrhal  bronchitis,  pnenmonia,  and  antemia. 
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OSTBOHAXAOIA. 


This  lesion  consists  in  the  softeuiug  of  fully  formed  hard  boct^  tissne 
by  the  removal  of  its  inorgauic  salts.  It  is  to  be  distinguished  from 
rickets,  whose  lesions  are  due  to  a  faulty  development  of  bone,  although 
iu  certain  external  characters  the  two  diseases  sometimes  present  consid- 
erable similarity.  Osteomalacia  usually  occurs  in  adults,  most  fre- 
quently in  females  during  pregnancy  and  after  parturition ;  more  rarely 
it  occurs  in  males,  and  in  females  uuassociated  with  the  above  conditions. 
Its  cause  is  not  kuown. 

Microscopical  examination  shows  that  the  decalcification  occurs  first  in 
the  periphery  of  the  Haversian  canals  and  in  the  inner  layers  of  the  w^la 
of  the  marrow  spaces.  As  the  salts  of  lime  are  removed  the  basement 
substance  at  first  remains  as  a  finely  fibrillated  materia),  still  i)reserving 
the  original  lamellation.  The  bone  cells  may  be  changed  in  shape  or 
degenerated.  After  a  time  the  decalcified  tissue  may  disintegrate  and 
be  absorbed,  and  its  place  occupied  by  new-formed  marrow  or  granula- 
tion tissue.  As  the  disease  goes  on  the  marrow  tissue  is  congested  and 
red,  the  fat  absorbed,  and  there  is  a  great  accumulation  of  small  sphe- 
roidal cells;  or  the  matrow  may  assume  a  gelatinous  appearance.  The 
decalcification  and  absorption  of  the  bone  from  within  may  proceed  so 
far  that  the  bony  substance  in  the  cancellous  tissue  almost  entirely  dis- 
appears, and  the  compact  bone  is  reduced  to  a  thin,  soft,  decalcified  tis- 
sue. The  disease  is  not  always  continuously- progressive,  but  may  be 
subject  to  temporary  cessation. 

As  a  result  of  this  softened  condition  of  the  boues,  the  weight  of  the 
body  and  the  actions  of  the  muscles  may  induce  a  series  of  deformities 
which  are  sometimes  excess! \'e ;  curvatures  of  the  spine,  complete  aud 
incomplete  fractures  of  the  bone,  distortions  of  the  pelvis,  sternum,  etc. 
There  is  a  tendency  in  this  disease  to  a  general  involvement  of  the  bones, 
but  the  changes  are  sometimes  confined  to  single  bones  or  groups  of 
bones.     The  cranium  is  rarely  much  aifected. 


ALIBBATIONS  OF  THE  BONE  HABROW  IN  T.mnr^MTA  AND 


In  certain  forms  of  leukteiuia  the  marrow  of  the  bones  is  very 
markedly  altered.  The  change  consists  mainly  iu  an  accumulation  in 
the  marrow  tissue  of  spheroidal  cells,  often  iu  a  condition  of  fatty  degen- 
eration, which  lie  in  the  meshes  of  reticular  connective  tissue  and  in  and 
along  the  walls  of  the  blood-vessels.  There  may  also  be  absorption  of 
the  fat,  and  sometimes  enlargement  of  the  marrow  cavity  from  absorp- 
tion of  the  bone.  These  altenitions  seem  to  be  primarily  due  to  an 
hyperplasia  of  the  marrow  cells.  The  new  cells  which  accumulate  in  the 
marrow  under  these  conditions  are  of  various  forms.  Most  characteristic 
are  colorless,  spheroidal  cells  which  considerably  resemble  the  large 
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lymphocytes  of  normal  blood  (see  p^e  376).  But  they  are  usually  lai^r, 
though  varying  miicli  in  size,  have  one  lai^e,  often  vesicular  uucleus 
staining  less  strongly  than  the  lymphocyte  nuclei,  while  the  protoplasm 
usually  contains  neutrophile  granules.  These  cells  are  called  myelocytes 
(page  380).  In  addition  to  these  the  marrow  may  contain,  mingled  with 
its  usual  elements,  nucleated  red  blood  cells,  spheroidal  cells  containing 
red  blood  cells,  and  not  infrequently  considerable  numbers  of  small 
octahedral  crystals  (called  Charcot's  crystals). 

The  degi-ee  to  which  this  accumulation  of  cells  occurs  varies  much  in 
different  cases,  and  the  gross  appearances  of  the  marrow  are  consequently 
very  diverse.  In  some  cases  the  marrow  is  soft  and  has  a  uniform  red 
appearance,  or  it  is  variously  mottled  with  gray  and  red.  Occasionally 
circumscribed  hEemorrhages  are  seen.  In  another  class  of  cases,  in  which 
the  cell  accumulation  is  more  excessive,  the  marrow  may  be  gray, 
grayish-yellow,  or  puriform  in  appearance. 

These  changes  may  occur  in  the  central  marrow  cavity,  as  well  as  in 
the  marrow  spaces  of  the  spongy  bone.  They  may  be  present  in  several 
or  many  of  the  bones.  They  are  usually  accompanied  by  analogous 
changes  in  the  spleen  and  lymph-nodea 

In  cei'tain  cases  of  acute  and  chronic  antentur,  particularly  in  thepemi- 
cions  and  pi-ogressivc  varieties,  the  marrow,  especially  of  the  larger  long 
bones,  may  lose  its  yellow  color  from  absorption  of  tlie  fat,  and  become 
red.  Microscopical  examination  of  the  marrow  under  these  conditions 
may  show  myelocytes  and  sometimes  an  abundance  of  developing  nucle- 
ated red  blood  cells  and  Charcot's  crystals. 

In  many  of  the  acute  infectious  diseases,  typhus  and  typhoid  fever, 
ulcerative  endocarditis,  recurrent  fever,  etc.,  the  bone  marrow  has  been 
found  hypenemic,  and  may,  it  is  asserted  by  Ehrlich,  contain  myelocytes 
in  increased  numbers. 

All  these  lesions  of  the  marrow,  although  our  knowledge  of  them 
is  still  very  incomplete,  together  with  what  is  known  of  the  physiological 
functions  of  the  marrow,  point  to  a  close  relationship  between  the  mar- 
row and  the  spleen  and  lymph-nodes  as  blood-producing  organs. 


Tumors  of  the  bone  may  involve  either  the  periosteum,  or  the  com- 
pact bone,  or  the  medulla;  or.  as  is  more  frequently  the  case,  two  or 
more  of  these  structures  may  be  involved  at  once.  Tumors  of  the  bone 
are  usually  accompanied  by  various  secondary  and  sometimes  very  marked 
alterations  of  the  bone  tissue,  osteo- porosis,  osteosclerosis,  ossifying  peri- 
ostitis, etc.  The  new  growths  are  very  apt  to  undei^o  calcification  and 
os.siflcation. 

Fibromata  may  grow  from  either  the  periosteum  or  the  medulla. 
Their  most  common  seat  is  in  the  periosteum  of  the  bones  of  the  head  and 
face.  They  are  apt  to  form  polypoid  tumors  projecting  into  the  posterior 
nares.  pharj'ux,  mouth,  and  antrum  of  Highmore.     Central  fibromata, 
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i.e.,  those  growing  from  the  medulla,  are  rare.  They  OBually  occur  in 
the  lower  jaw,  but  have  been  found  iu  the  ends  of  the  long  boues,  the 
phalanges  of  the  fingers,  and  the  vertebrae.  The  fibromata  may  calcify 
or  ossify,  contain  cysts,  and  not  infrequently  occur  in  combination  with 
sarcoma. 

Hyxomata  are  of  occasional  occurrence  in  bone. 

0*t«oiiiata. — New  formations  of  bone  as  a  result  of  inflammatory  proc- 
esses are,  as  we  have  already  seen,  of  frequent  occurrence  in  boue,  and 
although  not,  strictly  speakiug,  tumors,  some  of  their  forms  are  very 
closely  allied  to  them,  and  they  may  therefore  be  conveniently  mentioned 
here.  New  growths  of  bone  which  arise  from  the  surfaces  are  called 
exostoses  (.see  Fig.  482)  or  enosloses,  according  to  their  origin  from  the 
external  surface  or  from  the  interior  of  the  bone.  They  may  contein  all 
the  constituents  of  normal  bone:  bone,  medulla,  \'e8sels,  periosteum,  and 
cartilage.  The  new  boue  may  be  compact  and  like  ivory,  or  spongy,  or 
contain  large  cavities  filled  with  marrow. 

The  shape  of  exost^ises  varies  greatly ;  they  may  be  in  the  form  of 
sharp,  narrow  spicnla  and  processes,  and,  occurring  in  connection  with 
periostitis,  are  called  osteophytea.  They  may  be  polypoid  in  shape,  or 
form  rounded  tumors  with  a  broad  base.  They  may  form  a  general 
enlargement  of  the  bone  with  much  roughening  of  the  surface;  this  con- 
dition is  often  called  hyperostosis. 

The  bone  beneath  these  new  growths  may  be  normal,  or  sclerosed,  or 
rarefied,  or  the  medullary  ca\'ity  of  the  bone  may  communicate  with  that 
of  the  exostosis.  Exostoses  are  usually  developed  from  the  periosteum, 
sometimes  in  the  insertion  of  tendons  and  ligaments.  They  are  very 
frequently  multiple,  and  may  occur  at  all  ages,  even  during  uterine  life. 

Enostoses  are  developed  in  the  interior  of  bones  from  the  medulla. 
They  may  increase  in  size,  with  absorption  of  the  surrounding  boue,  until 
they  project  from  the  surface  like  exostoses.  Their  most  frequent  situa- 
tion is  in  the  bones  of  the  cranium  and  face. 

Chondronata. — These  tumors  may  be  single  or  multiple,  and  most  fre- 
quently grow  from  the  interior  of  the  boue,  but  sometimes  from  the 
periosteum.  They  are  prone  to  form  various  combinations  with  other 
forms  of  tumors,  as  fiboma,  myxoma,  sarcoma,  etc.  They  are  frequently 
congenital,  and  are  most  common  in  young  people.  They  occur  most 
frequently  in  the  bones  of  the  hand  and  foot. 

There  is  a  form  of  chondroma,  called  osteoid  chondroma,  which  develops 
beneath  the  i)erio8teum,  most  frequently  in  the  femur  and  tibia  near  the 
knee  joint,  forming  a  club-shaped  enlargement  of  the  bone.  The  char- 
acteristic of  the  tissue  composing  these  timiors  is  that  it  resembles  some- 
what the  immature  bone  tis.sue  which  is  seen  beneath  the  periosteum 
in  developing  bone.  It  differs  from  cartilage  in  the  irregalar  shape  of 
its  cells,  in  the  fibrillation  and  density  of  the  basement  substance,  and  in 
its  general  vascularity.  On  the  other  hand,  it  has  not  the  inoi^nic  con- 
tents or  appearance  of  true  bone.  It  resembles  considerably  the  callous 
tissue  foiTuing  about  fractures  of  the  bones.     It  may,  however,  and  most 
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frequently  does,  become  converted,  in  some  parts  of  the  tumor,  into  true 
bone.  On  the  other  hand,  combinations  with  sarcomatous  tissue  are  of 
frequent  occurrence  (see  below). 

Sarcoma  is  especially  common  iu  the  bones.  It  grows  from  the  inner 
layers  of  the  periosteum  or  from  the  medulla,  so  that  we  may  distinguish 
a  periosteal  aud  a  myelogenic  sarcoma.  Sometimes  the  tumor  involves  the 
bone  itself  so  early  that  it  is  impossible  to  say  whether  the  tumor  began 
in  the  periosteum  or  in  the  medulla.  There  is  also  a  variety  which  grows 
close  to  the  outside  of  the  periosteum  aud  becomes  connected  with  it — 
parogteal  sarcoma. 

Th^  periosteal  mrcomata  usually  belong  to  the  varieties  fibro-,  myxo-, 
choudro-,  and  osteosarcoma,  more  rarely  to  the  medullary  variety. 
They  commence  iu  the  iuner  layei%  of  the  periosteum,  pushing  this  mem- 
brane outward.     After  a  time  the  periosteum  is  involved  and  the  tumor 


The  Kn>wU>  liita  inraded  Ibe  Bbaft  o(  tbe  bone 
tumor.  mBy  be  seen  \x\m 

invades  the  surroundiug  soft  parts.  The  bone  beneath  may  remain  nor- 
mal, or  may  be  eroded  aud  gradually  disappear  until  the  tumor  is  con- 
tinuous with  the  medulla.  Portions  of  the  tumor  may  be  calcified,  or  a 
growth  of  new  bone  may  accompany  its  growth.  The  new  bone  usually 
takes  the  form  of  plates,  or  spicula,  radiatiug  outward  (Fig.  493).  The 
minute  structure  of  these  tumors  is  very  variable.  The  simplest — the 
fibre -sai'comata — are  composed  of  fusiform,  round,  stellate,  and  some- 
times giant  cells  (myeloplaxes),  in  varying  proportions,  packed  closely 
in  a  fibrous  stroma.  In  the  medullary  form  the  stroma  is  diminished 
to  a  minimum  aud  the  round  cells  are  most  nnnieroua  In  the  chondro- 
and  myxo-sarcoma  the  basement  substance  may  be  hyaline  or  mucous, 
and  the  cells  follow  the  type  of  cartilage  and  mucous  tissue  more  or  less 
closely.  There  is  a  mixed  form  of  tumor,  called  osteoid  sarcotaa,  which 
is  very  apt  to  spread  and  to  form  metastases.  The  growth  consists  in 
part  of  tissue  corresponding  to  fibro-sarcoma  and  round-celled  sarcoma. 
[q  addition  to  this  there  occurs,  in  greater  or  less  quantity,  immature 
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boue  tissue,  called  osteoid  tissue,  which  may  in  part  become  calcified,  the 
calcification  usnally  occurring  iu  the  central  portions,  leaving  a  softer 
peripheral  zone.  This  form  of  tumor  is  most  apt  to  occur  at  the  euds  of 
the  long  bones,  and  may  form  tumors  of  )ai^  size.  It  is  often  called, 
on  account  of  its  tendency  to  extend  and  to  form  metastases,  malignant 
osteoma  or  osteoid  cancer.  Angio-sarcomala 
are  of  fretjucnt  occurrence  in  bone, 

Sarcomata  may  originate  in  the  medulla 
— myelogenic ' — and  may  grow  rapidly. 
The  bone  surrounding  them  is  destroyed 
and  they  project  as  rounded  tumors.  Most 
frequently  new  boue  is  formed  beuealh  the 
periosteum,  so  that  the  tumor  is  enclosed 
in  a  thin,  bony  shell  (Fig.  49-t) ;  sometimes 
there  are  also  plates  of  bone  in  the  tumor ; 
sometimes  the  periosteum  is  nnallercd; 
sometimes  it  is  perforated  and  the  tumor 
invades  the  surrouudtug  soft  parts.  The 
tumors  are  frefjueutly  very  soft,  vascular, 
and  hiemorrhagic  in  parts,  or  may  euclose 
cysts  filled  with  tumor  detritus  and  blood. 
They  are  usually  of  the  spindle  or  round- 
celled  variety,  and  not  infrequently  contain 
giant  cells. 

Sarcomata  may  originate  iu  the  outer 
layers  of  the  periosteum — parosteal.  They 
may  be  as  firmly  connected  with  the  bone 
as  is  the  periosteal  form.  The  periosteum 
may  remain  intact  between  the  tumor  and 
the  boue,  or  it  may  disappear  and  lea\'e 
them  iu  apposition.  Endothelioma  of  bone 
is  not  uncommon. 

Angioma. — A  very  large  number  of  the 
tumors  which  have  been  described  under 
this  name  are  really  ^■e^y  vascular  sarco- 
mata. Cavcruous  angiomata  may  form 
between  the  periosteum  aud  boue  and  inti- 
mately connected  with  the  latter.  There  are  sevemi  cases  descrit)ed  «f 
cavities  filled  with  blood  in  the  interior  of  bones,  which  it  is  difficult  to 
Interpret.  They  have  mostly  been  found  in  the  head  of  the  tibia.  They 
are  said  to  have  consisted  of  single  sacs  compased  of  thickened  peri- 
osteum, lined  with  plates  of  bone,  and  filled  with  fluid  and  clotted 
bloo<l,  Xo  large  vessels  communicated  with  the  sacs,  but  their  walls 
were  eo^■ered  with  a  rich  vascular  plexus,  branches  of  which  opened  iuto 
the  cavity  of  the  sat-. 
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Carcinoma. — Primary  caroinoma  is  of  donbtful  occnrrence  iu  tlie 
bones.  Most  of  the  structures  thus  iiamed  have  doubtless  beeu  sar- 
comata or  endothel  ioniata,  Secondary  carciuoma,  on  tlie  other  hand, 
as  a  result  of  metastases  or  local  extension,  is  not  infrequent.  Metas- 
tatic cai'ciaomata  may  occnr  iu  tbe  bones  of  various  parts  of  the  body 
at  the  same  time,  and  are  most  apt  to  be  secondary  to  carciuoma  of  the 
mamma. 

Gystt. — These  most  frequently  occnr  in  the  maxillarj'  bones  (page  349) 
in  connection  with  the  teeth.  They  may  be  unilocular  or  mnltilocular, 
and  contain  clear  serum  or  a  mucous  or  brown  fluid,  and  sometimes  cho- 
lesterin.  They  may  be  lined  with  epithelium.  They  begin  in  the  interior 
of  the  bone,  and,  as  they  iucrease  iu  size,  expand  it  until  they  may  be 
covered  with  only  a  thin  shell  of  bone.  They  may  Teach  a  lat^  size, 
even  as  large  as  a  child's  head. 

Dermoid  Cyaix  are  occasionally  found  in  connection  with  the  boues, 
particularly  of  tbe  skull. ' 

The  Joints. 

For  a  description  of  the  dislocations,  misplacements,  and  injuries  of 
the  joints  we  refer  to  works  ou  surgery. 

DEQSHERATION. 

Fatty  degeneration  of  tlie  cartilage  cells,  mucous  degeneration,  and 
fibrillation  of  the  stroma  with  softening,  and  often  roughening,  of  the 
joint  surfaces,  caJeificatiou  and  amyloid  degeneration,  may  occur  in 
iuflammatiou,  or  as  a  senile  alteration,  or  under  other  conditions.  The 
cartilage  is  usually,  under  these  conditions,  whiter  and  more  opaque  than 
normal. 

INPLAKMATION.    (Arthritis.) 

Exudative  Arthritis. — The  earlier  stages  of  acute  inflammation  of  tbe 
synovial  membi'anes  are  better  known  froiu  experiments  ou  animals  than 
from  post-mortem  examinations.  The  fii-st  changes  are  swelling  and 
congestion  of  the  membrane,  with  increa-sed  growth  and  desquamation  of 
the  lining  celts,  and  infiltration  of  the  membi'ane  with  lymphoid  cells. 
These  couditions  are  soon  followed  by  au  exudation. 

In  Serona  Arthritis  the  accumulation  of  semm  wilhin  the  synovial  sac 
is  the  most  promiuent  lesion.  The  disease  may  terminate  in  recovery,  or 
become  chronic,  or  pass  into  the  snppui-iitive  form.  It  may  be  incited 
by  contusions,  penetrating  wounds,  gonorrhceji,  rheumatism,  or  it  may 
occur  without  evident  cause. 

Sero-flbrinooa  Arthritia  may  occur  under  the  same  conditions  as  those 
which  lead  to  simiile  serous  inflammation.     The  fibrin  may  be  present 
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largely  as  floccali  id  the  serum,  or  it  may  form  false  membranes  over  the 
surfaces  of  the  joiot. 

Supporativfl  Arthrltii  may  follow  or  be  aseocisted  with  the  above  forms 
of  inflammation.  The  syoovial  membrane  Is  thickened  and  cloudy,  and 
there  may  be  but  a  moderate  amount  of  pus  in  the  joint,  and  a  slight 
degree  of  infiltration  of  the  synovial  membrane  with  pns  cells.  Under 
these  conditions  resolntion  may  occur. 

In  other  casefl  the  accumulation  of  pus  in  the  cavity  may  be  great, 
the  synovial  membrane  and  its  surrounding  tissue  densely  infiltrated 
with  pas  cells.  Under  these  conditions  granulation  tissue  is  apt  to 
form  and  the  cartilages  of  the  joints  are  apt  to  become  involved. 
There  are  swelling  and  proliferation  or  degeneration  of  the  cartilage 
cells;  the  basement  substance  becomes  disintegrated,  ulcerates,  and 
exposes  the  bone,  in  which  osteitis,  caries,  rarefaction,  etc,  may  occtir. 
The  new-formed  granulation  tissue  may  penetrate  the  cartilage,  absorb- 
ing the  basement  substance,  and  by  metaplasia  the  cartilage  tissue  may  be 
converted  into  embryonal  or  granulation  tissue.  The  pus  may  break 
through  the  capsule  of  the  joint  and  form  large  abscesses  in  the  adjacent 
soft  parts.  Sometimes  the  inflammation  is  not  only  suppurative  but  gan- 
grenous, and  runs  a  rapidly  fatal  course.  The  synovial  membrane,  artic- 
ular cartilages,  and  ends  of  the  bone  all  uudei^o  a  rapid  suppuration 
and  gangrene.  Acute  arthritis  may  be  incited  by  trauma,  or  it  may 
be  associated  with  pysemia,  smalli)0x,  measles,  scarlet  fever,  pneumonia,' 
gonorrhcea,'  diphtheria,  mumps,  typhus  fever,  glanders,  the  puerperal 
condition,  or  other  infectious  diseases,  lu  these  cases  the  process  is  apt 
to  be  suppurative,  and  is  induced  by  various  forms  of  bacteria. 

Chronic  Arthritis  may  begin  as  such,  or  it  may  Ite  the  result  of  previous 
acute  inflammation.  There  is  an  increiise  of  fluid  in  the  joint.  This 
fluid  is  thin  and  serous,  or  is  thiclcened  with  floeculi  of  fibrin  and  epi- 
thelial and  lymphoid  cells,  or  is  thick,  syrupy,  or  even  gelatinous.  The 
synovial  membrane  is  at  first  congested,  its  tnfts  are  prominent.  Later  it 
becomes  thickened,  sclerosed,  and  anseniic;  the  epithelium  is  destroyed, 
and  the  tnfts  become  large  and  projecting.  From  the  distention  of  the 
capsule  there  may  be  subluxations  or  luxuations  of  the  joint,  or  the  cap- 
sule may  be  ruptured. 

Rheumatic  ArthritiB. — An  acute  inflammation,  usually  exudative  in 
character  and  involving  one  joint  after  another,  is  characteristic  of  acute 
articular  rheumatism.     The  exudate  is  usually  serous, 

A  chronic  form  of  so-called  rheumatic  arthritis  is  most  common  in 
elderly  persons,  usually  affecting  several  joints  and  advancing  slowly  and 
steadily.  There  is  a  fibrous  thickening  of  the  synovial  membrane  and 
the  adjacent  tissue.  Fluid  accumulations  are  not  common.  The  artic- 
ular cartilages  are  apt  to  degenenite  or  ossify,  or  become  softened  and 
flbrillated,  and  they  may  disappear.  The  contracting  synovial  mem- 
branes and  fibrous  tissue  render  the  joints  stiff  and  may  cause  consider- 
e  Cact.  Lancet,  1901,  voL  i.,  p.  83. 
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able  deformity.  Kot  infrequently  fibi-ouB  aud  boay  aokyloses  are  formed 
between  the  ends  of  the  bones. 

Arthritis  deformans. — This  name  has  been  applied  to  a  variety  of 
chronic  inflammation  of  the  joints  which,  combined  with  degeneration  of 
parts  of  the  joint  and  tbe  new  formation  of  bone,  may  result  in  marked 
deformities  of  the  part. 

It  usually  occurs  in  elderly  persons  and  is  apt  to  involve  several 
joints,  most  frequently  the  hip,  knee,  fingers,  and  feet.  It  may  be  idio- 
pathic, or  due  to  rheumatism  or  to  injuries,  or  follow  an  acute  arthritis. 
The  capsules  of  the  affected  joints  are  thickened  and  sclerosed.  The 
synovial  fluid  is  at  first  Increased  in  quantity ;  later,  diminished  and 
tliickened.  The  tufts  of  the  synovial  membrane  become  much  enlat^ed 
and  vascular ;  they  may  be  converted  into  cartilage.  Sometimes  the  cap- 
■  sule  becomes  ossified.  The  new  bone  grows  from  the  edge  of  the  carti- 
lage within  the  capsule  aud  its  articular  surface  is  covered  witli  cartilage. 
The  articular  cartilages  are  much  changed.  The  basement  substance 
splits  into  tufts,  while  the  cartilage  cells  are  increased  in  number.  Or 
the  basement  substance  becomes  fibrous;  or  it  is  split  into  lamelleB  aud 
the  cartilage  cells  are  multiplied ;  or  there  are  fatty  degeneration  and 
atrophy. 

As  a  result  of  these  changes,  larger  or  smaller  portions  of  the  cartilage 
are  destroyed  and  the  bone  beneath  is  laid  bare.  The  exposed  bone  may 
become  compact  and  of  an  ivory  smoothness.  The  ends  of  the  bones  are 
much  deformed.  They  are  flattened  and  made  broader  by  irregular  new 
growths  of  bone,  while  at  the  same  time  they  atrophy.  Tlie  new  growth 
of  bone  starts  from  the  articular  cartilages.  The  cartilage  cells  increase 
in  number  and  the  basement  substance  grows  in  quantity.  This  growth 
is  most  excessive  at  the  edge  of  the  cartil^e,  so  that  a  projecting  rim  is 
formed  there.  This  projecting  rim  may  ossify  next  the  bone,  and  at  the 
same  time  new  cartilage  may  form  on  its  surface,  so  that  we  may  find 
large  masses  of  bone  covei'ed  with  cartilage.  All  these  changes  occur  in 
various  combinations  and  sequences,  so  that  jointa  in  this  condition  pre- 
sent the  greatest  variety  of  appearances. 

Arthritis  TTritica  (Goaty  Arthritifl). — This  lesion  is  characterized  by  the 
deposit  of  salts  of  uric  acid  in  the  cartilages,  bones,  and  ligaments,  and 
also  in  the  cavities  of  joints.  The  deposits  may  be  in  the  form  of  stellate 
masses  of  acicular  creytals  in  and  about  the  cartilage  cells  or  in  the  base- 
ment substance;  or  they  may  be  deposited  in  the  fibrillar  connective- 
tissue  structures  of  the  joint  in  single  crystals,  or  in  the  subcutaneous 
tissue  alKtut  the  joint  as  white  concretions.  The  deposits  may  occur  in 
repeated  attacks  of  the  disease,  and  are  accompanied  by  acut«  inflam- 
matory changes.  They  may  lead  to  various  forms  of  chronic  inflamma- 
tion of  the  joints. 

Tnberooloas  Arthritis. — This  process  may  commence  in  the  joint  itself, 
or  may  extend  to  it  from  adjacent  bone.  It  is  characterized  by  the  for- 
mation of  tubercle  tissue  and  granulation  tissue,  sometnnes  in  great  quan- 
tity', and  is  usually  associated  with  secondary  inflammatory  and  degener- 
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ative  cbauges  of  sorrouudiQg  parts.  According  to  the  promineuce  of 
one  or  other  of  these  secondary  alteratious,  several  forms  of  tubereulons 
arthritis  may  be  distingnished.  If  there  is  au  excessive  growth  of  gran- 
ulation tissue  without  much  suppuration,  this  constitutes  a./imgouafofm. 
Sometimes  there  is  extensive  suppuration,  so  that  the  cavity  of  t)ie  joint 
may  be  filled  with  pus,  which  may  be  discharged  through  openings  in 
the  skin ;  or  there  may  be  more  or  ]ess  exteusi%'e  formation  of  abscesses, 
or  iufiltratiou  of  the  soft  parta  about  the  joint  with  pns.  In  other  cases 
there  is  disintegration  of  the  uew-formed  tnberculons  tissue  and  of  the 
tLSSues  of  "the  joint — ulcerative  form.  The  cartilage  basement  substance 
may.  become  split  into  fragments  and  the  cells  degenerate,  and  thos  deep 
and  destructive  ulcers  of  the  cartil^e  may  be  formed.  Or  the  new  tissue 
may  work  its  way  through  the  cartilage  into  the  bone  beneath,  by  absorp- 
tion of  the  basement  substance  of  the  cartilage,  with  or  without  prolifer- 
ation of  its  cells.  Caries  and  necrosis  of  the  underlying  bone  may  lead 
to  extensive  destruction.  Hand-in-haod  with  these  alterations  subperi- 
osteal new  formation  of  bone  may  occur,  or  sclerosis  of  the  adjacent 
bone  tissue.  There  may  also  be  a  great  increase  of  fibrous  tissue  about 
the  joint. 

This  disease  is  most  common  in  children  and  young  persons.  The 
so-called  scrofulous  diathesis  is  said  to  foster  it,  but  local  injuries  are 
frequently  the  predisposing  factors.  It  is  most  common  in  the  large 
joints.  It  may  occur  in  couuection  with  tuberculous  inHammatiou  in  other 
parts  of  the  body,  but  it  is  frequently  quite  local,  and  may  remain  so 
for  a  very  long  time  or  permanently,  since  general  infection  from  tuber- 
culous arthritis  is  comparatively  iufrequeut. 

The  process  is  usually  slow,  and  may  end  in  death.  If  recovery  takes 
place  before  the  cartilages  and  bones  are  involved,  the  joint  is  preser\ed ; 
but  it  may  be  stiffened,  or  evea  immovable,  from  the  contraction  of  the 
uew  fibrous  tis»ue  around  it.  If  the  cartilages  and  twnes  are  diseased 
the  joint  is  destroyed,  and  either  bony  or  fibrous  ankylosis  results. 
Sometimes,  from  the  change  in  the  articulating  surfaces  and  the  contrac- 
tion of  the  muscles  and  the  uew  fibrous  tissue,  partial  or  complete  dis- 
locations are  produced. 

Occasionally  miliary  tubercles  occur  in  the  synovial  membranes  in 
cases  of  general  miltar>'  tuberculosis,  with  but  little  accompanying  simple 
inflammatory  change. 

TUHOBS. 

Secondary  tumors  of  the  joints  as  a  I'csult  of  local  extension  from  the 
adjacent  parts  are  not  uncommon,  and  the  tumors  may  be  of  various 
kinds.  Primary  tumors  of  the  joints,  on  the  contrary,  are  uot  veiy 
common. 

Lipoma. — A  new  growth  of  fat  tissue  may  Ijegin  in  the  other  portions 
of  the  syiH)vial  membrane,  pu.sh  this  inward,  and  project  into  the  joint 
in  a  nia.'^s  of  tufts — lipoma  arl>ore.'*eeiis. 
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Fibroma  occurs  asau  hypertrophy  of  the  Utile  lufta  and  fringes  of  the 
Byuovial  lueiubraue.  In  this  way  large  polypoid  and  dendritic  bodies 
are  formed.  The  pedicles  of  these  growths  may  atrophy  and  even  dis- 
appear, so  that  the  growths  are  left  free  iu  the  cavities  of  the  joints. 

Corpora  aUeaa  Art;ioulonim  (Loose  Cartilages  in  the  Jointi).— This  name 
is  given  to  bodies,  of  various  structure  and  origin,  which  are  found  free 
or  attached  by  slender  pedicles  in  the  cavities  of  the  joints.  They  are 
most  frequently  found  in  the  knee ;  next  in  order  of  frequency  in  the 
elbow,  hip,  ankle,  shoulder,  and  niaxillarj'  joints.  They  may  be  single 
or  in  hundreds.  Their  size  varies  from  that  of  a  pin's  head  to  that  of 
the  patella.  They  are  polj'pold,  rounded,  egg-shaped,  or  almond- 
shaped;  their  surface  is  smooth  or  faceted,  or  rough  and  mulberry-like. 
They  are  composed  of  fibrous  tissue,  cartilage,  and  boue  in  varioos  pro- 
portions. 

These  bodies  are  formed  by  hyperplasia  of  the  synovial  tufts  and 
the  production  in  them  of  cartil^e  and  bone. 

More  frequently  the  small  plates  of  cartilage  form  on  the  inner  surface 
of  the  syuovial  membrane,  which  increase  in  size  while  their  outer  layers 
ossify.  These  may  remain  fixed  in  the  synovial  membrane ;  or  they  pro- 
ject and  become  detached  from  it,  and  they  then  appear  as  flattened, 
concave  bodies  composed  of  bone  covered  with  cartilage  on  one  side. 

On  the  other  hand,  cartilage  and  bone  uuiy  form  outride  the  synovial 
membrane  from  the  periosteum  or  the  edges  of  the  articular  cartilages, 
and  pushing  inward,  may  later  become  detached. 

Rarely  portions  of  the  articular  cartil^es  may  be  detached  by  vio- 
lence or  di.sea.se;  or  fibrinous  and  other  concretions  may  form  in  arthri- 
tis, or  uuder  coudltious  which  we  do  not  understand. ' 

1  of  ItsioDs  of  ilie  Imues  and  joiuls  consuU  Ziegter. 
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CHAPTER   XIII. 

VOLUNTARY  MUSCLE. 

NECROBIB. 

Xeceosis  of  muscle  may  be  the  local  result  of  mecbanical  orohemtcal 
injury;  it  occurs  in  iutiammatoiy  foci,  and  may  follow  serious  local  dis- 
turbances of  the  ciniuiatioM,  as  from  pressure  by  tumors  or  cicatrices,  etc 
The  muscle  fibres  may  gradually  lose  their  striat  ions,  become  granular  and 
disintegrate,  or  the  musole  substance  may  become  homogeneous  and 
strongly  refractile  and  break  into  irregular  massea  Necrotic  muscle 
fibres  are  finally  removed  by  the  direct  action  of  phagocytes  or  after 
various  transformations  leading  to  solution  (see  page  117). 

ATROPHY   AND   HTPERTKOFHT. 

Simple  Atrophy. — This  may  occur  iu  old  age,  in  prolonged  exhausting 
disea.ses,  or  as  a  result  of  pi-essnre  from  a  foreign  body,  tumors,  etc. 
The  muscle  fibres  grow  narrower,  the  degi-ee  of  narrowing  frequently 
varjing  considerably  iu  diffei-ent  parts.  They  usually  retain  the  stvia- 
tions,  but  these  may  be  obscured  by  degenerative  changes.  The  sarco- 
lemiua  may  become  thickeuwl,  and  tliere  may  be  a  considerable  inci-ease 
iu  conueetive  tissue  between  the  muscle  fibres  and  bundles.  Brown  pig- 
ment particles  may  accumulate  iu  the  ati-ophied  fibres. 

Fr<^rresaive  HokhIbt  Atrophy. — This  lesion  consists  essentially  iu  a 
combiuatiou  of  simple  or  degenerative  atrophy  of  the  muscle  fibres  with 
chronic  interstitial  iuflamiujition,  and  is  sometimes  associated  with  pro- 
lifenitive  changes  in  the  muscle  nuclei.  In  the  earlier  stages  of  the  dis 
ease  the  muscles  may  be  pale  and  soft,  but  exhibit  otherwise  to  the  nake<l 
eje  but  little  alterati<in.  Gnidually,  however,  the  muscle  sutistance  be- 
comes repliiccd  by  connective  tissue,  so  that  in  marked  and  advance<l 
cases  the  muscles  are  con\erted  into  fibrous  bauds  or  coimIs,  whose  cica- 
tricial contraction  nmy  induce  great  deformities, 

>Iicroscopical  examination  shows  in  the  early  stages  of  the  disease  a 
pi'oliferivtion  of  cellsin  the  interstitial  tissue,  so  that  this  maj'  have  the 
api>eai"ance  of  gi^anulation  or  embryonal  tissue ;  also  in  some  cases  umrkeil 
pn>liferative  changes  in  the  nuisclc  nnclei  (Fig.  495),  leading  to  the 
formation  of  new  cells  which  may  more  or  less  replace  the  contractile 
snlistance  within  the  sarcolemma.  The  new  iutci-stitial  tissue  increases 
in  (|uantity  and  grows  denser,  and  ninv  crowd  the  muscle  fibres  apart 
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(Fig.  496).  The  walls  of  the  blood  vessels  may  also  become  thickened. 
Uaiid-in-haDd  with  these  interstitial  alcerations  the  atrophy  of  the  muscle 
dhres  proceeds.  These  may  simply  grow  narrower,  retaining  their  stria- 
tions;  or  they  may  split  up  into  longitndinal  flbrillse,  or  transversely 
into  discoid  masses,  and  in  this  condition  disappear.  In  other  cases  a 
certain  amount  of  fatty  or  hyaline  degeneration  may  be  present.  These 
degenerative  and  jiroliferative  changes  do  not,  as  a  rule,  occur  uniformly 
in  the  affected  muscles,  but  some  parts  are  affected  earlier  and  more 
markedly  than  others.     The  atrophied  muscle  may  be  replaced  by  fat. 

Progressive  muscular  atrophy  is  apt  to  commence  iu  the  small  muscles 
of  the  extremities,  iu  many  cases  in  the  muscles  of  the  ball  of  the  thumb. 
It  may  commence  in  the  muscles  of  the  shoulder,  the  arms,  or  the  ba<;k. 


Fill.  (Wj.— pROfiREsairK  HrMTLAIi  ATBOPHT  (SoleuB  muscle,  lonfrHmllD"' "ectlnnl. 

a,  Almphlcil  musrle  tlbrt;  b.  (I«stnem»]  musrlp  nbre:  c  InWisUllal  Ussue:  d.  cliulere  ot  prolirerati<d 

muscle  nuvlvl. 

It  may  have  a  continuous  extension,  or  it  may  jump  single  muscles  or 
groups  of  muscles.  Death  may  be  induced  by  the  affection  of  the 
muscles  of  respii-ation  or  deglutition. 

The  causes  of  this  lesion  are  in  many  cases  unknown,  and  there  is 
considerable  lack  of  uuaniniity  of  opinion  as  to  whether  it  is  primarily  a 
disea.se  of  the  muscles  or  of  the  nervous  system.  In  a  considerable  pro- 
portion of  cases  the  muscle  lesion  is  a.'wociated  with  atrophy  of  the  gan- 
glion cells  in  the  anterior  coruna  of  the  spinal  cord  and  the  development 
of  connective  tissue  about  them.  In  other  cases  these  changes  in  the 
cord  may  ajjparenfly  he  absent. 

It  is  sometimes  accompanied  by  atrophy  of  the  nerves  which  are  dis- 
tributed to  the  mnscles,  and  atrophy  of  the  anterior  roots  has  been 
described. 

It  is  probab!'^  that  there  are  several  varieties  of  progressive  muscular 
atrophy,  which  our  present  knowledge  does  not  enable  us  clearly  to  dis- 
tiiignisli.     ^Inscnlar  atrophy  in  some  cases  follows  overstraining  of  groups 
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of  muscles,  or  injuries,  and  may  occur  an  one  of  the  sequelae  of  typhoid 
fever  and  diphtheria. 

Hypertrophy. — True  hypertrophy  of  muscle  as  a  pathological  condition 
is  rare,  but  it  has  been  described  iu  a  few  caKos.  It  is  usually  confined 
to  eircu inscribed  grouxis  of  muscles.  On  microscopical  examination  the 
diameter  of  the  fibi-es  in  iucreaseil,  sometimes  considerably,  though  not 
uniformly.  The  transverse  striation  is  unaltered  and  the  muscle  nnclei 
are  in  some  cases  eiilai^ed.     The  cause  of  the  change  is  unknown. 

Atrophia  HuMolonim  lipomatoia  (PMudo-hypertrophy  of  the  Hntdn). — 
In  some  cases,  hand-in-haud  with  the  proiluctiou  of  uew  connective  tis-sue 
in  the  muscles  and  the  atrophy  of  the  muscle  fibres,  or  after  these  changes 


Fro.  4)i«.— Phorre 
T,  iDireued  IntersUtlBl  iIhsilp  : 


have  made  considerable  progress,  there  occurs  a  development  of  fat 
tissue  between  the  fibres  (Fig.  497)  wliieh  may  prevent  any  apparent 
diminutiou  in  the  size  of  the  muscles,  or  in  some  cases  may  even  give 
them  the  appearance  of  a  great  inci'ease  in  size.  This  condition  is  of 
nio.it  frequent  occurrence  in  children,  and  is  most  apt  to  appear  in  the 
giwtrocnemii  muscles.  In  the  upper  extremities  the  deltoid  and  triceps 
are  most  frequently  involved.  The  lesion  may  l>e  symmetrical,  affecting 
similar  muscles  on  both  sides  of  the  body,  or  it  may  be  unilateral.  Parts 
of  muscle  bellies  may  be  affected. 

The  cause  of  this  form  of  atrophy  is  not  definitely  known.     Various 
lesions  of  the  spinal  coi-d  have  l>eeu  described  as  occurring  with  it ;  but. 
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ill  many  cases  at  least,  alterationa  of  the  nervons  system  canuot  be 
detected.  The  writer  has  described  a  case '  in  which  this  lesiou  was 
marked  in  the  gastrocnemii  in  connection  with  multiple  false  neuromata. 

DXOEHEBATION. 

Albnmifloiu  Dejfeneration  of  striated  muscle  occurs  as  a  mark  of  toxee- 
mia  in  acute  infectious  diseases,  and  may  lead  to  fatty  degeneration. 


Tbe  speclmeo  i»  from  the  case  menllo 

Fatty  Degeneration,  with  greater  or  less  destruction  of  the  muscles, 
may  commence  with  a  simple  swelling  and  fine  granulation  of  the  fibres. 
As  the  pi-ocess  goes  on,  smaller  and  larger  fat  droplets  appear  iu  the  con- 
tractile snbstance,  which  loses  its  striations  and  becomes  friable,  and  may 
be  entirely  destroyed,  leaving  within  the  sareolemma  a  mass  of  fatty 
detritus  which  may  finally  be  absorbed  and  disappear.  This  alteration 
may  occur  in  acute  parenchymatous  myositis  in  connection  with  various 
forms  of  atrophy,  in  prolonged  exhausting  diseases,  and  in  phosphorus 
poisoning. 

Hyaline  S^^neratlon.— Under  a  variety  of  conditions  the  muscle  fibres 
undergo  a  series  of  changes,  leading  to  their  conversion  iut<i  a  trans- 
lucent, highly  refractile  material,  somewhat  resembling  amyloid  but  not 
giving  its  micro-chemical  rejvetions,  and  apparently  more  nearly  allied  to 
hyaline  material.  The  lesion  in  the  muscle  which  we  are  cousidering  is 
ofteu  ciilled  icaxt/  lUffetieratlon,  from  the  peculiar  appearance  which  the 
muscles  present.  Wlien  the  lesion  is  far  advanced  and  extensive  the 
mnscles  are  brittle  and  have  a  grayish -yellow,  translucent  appearance. 
Microscopical  examination  of  various  stages  of  hyaline  degeneration  of 
muscle  shows  that  the  contractile  sul»stance  of  tbe  fibres  becomes  at  first 
swollen  and  granular,  and  gradually  converted  into  hyaline  material  which 
may  present  the  outlines  of  the  swollen  fibres,  but  is  more  frequently 
I  Pnithlen,  American  JoumHl  of  Medical  Sciences,  July,  1880,  p.  134. 
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broken  into  lai^r  and  smaller  shapeless  clumps  (Fig.  4!>8),  Tbich  may 
disintegrate  and  finally  be  absorbed.  Hand-in-Land  with  these  chaoges 
there  usually  occurs  an  increase  in  the  iuterfibrillar  connective  tissue, 
and  in  certain  ca^es  tbere  may  be  a  proliferation  of  the  muscle  nuclei 
and  a  new  formation  of  variously  sha{>ed  cells  withiu  the  sarcolemma 
which  leads  to  the  regeneration  of  the  fibres.  As  a  result  of  the  brittle- 
ness  of  the  degenerated  muscles  tliey  are  apt  to  rupture,  and  iu  this  way 
hicmorrhage  may  occur. 

This  form  of  ilegeneration  may  occur  in  progressive  muscular  atrophy, 
iu  various  infectious  disciiscs,  in  trichinosis,  with  local  inflammation, 
injuries,  freezing,  etc.  It  is,  howe\-er,  most  marked  and  frequent  iu 
typhoid  fever.  In  this  disease  the  rectus  abdominis  and  the  abductors 
of  the  thigh  are  most  fretiuently  affected. 

Experimental  iu  vest  igat  ions  have  shown  that,  under  certain  condi- 
tions, very  similar  appearances  may  be  produceil  in  the  muscles  by  post- 
mortem changes.  Various  changes — some  of  them  necrotic — are  at  pres- 
ent included  under  the  name  hyaline  degeneratiou  of  the  muscles. 

True  amyloid  degeneration  is  rare. 

Hoen  has  described  a  peculiar  degeneration  with  atrophy  of  the  stri- 
ated muscle  of  the  uvula,  in  which  a  series  of  bleb-like  structures  form 
along  the  fibres,  which  they  may  finally  replace.' 

Calcification  of  muscle  is  of  rare  occurrence. 

Beroni  or  Hydropic  Infiltration  of  muscle  fibres  occurs  under  various 
conditious  in  association  with  other  lesious.     Larger  and  smaller  spaces 


Fin.  1H«.— HYiLISE   DKGENEHiTION    IS^O-CJirj.Kr   WaXT   nRliKNitlATlOSl  Of  Alll>a>l[NAL  MrSCLl  IN 
TYPHOID   FKVKB. 

filled  with  clear  fluid  are  present  Ijctweeii  the  fibi'cs  and  often  over  small 
areas  largely  replacing  tbem.     Such  fluid-filled  spaces  are  often  called 

vacuoles. 

INJimiES,   HLSICOItBHAQE,  AlfD  INFABOTION. 

Wounds  and  Rnptnre, — When  the  muscle  fibres  are  seiei'ed  by  wounds 
or  rupture  there  is  more  or  less  degeneration  of  the  divided  fibres,  and 
the  woun<l  may  heal  by  the  prodnetion  of  granulation  tissue,  which  grad- 
ually becomes  converted  into  cicatiicial  tissue,  thus  binding  the  severed 
parts  together.  In  some  eases  thei'e  is  a  moderate  new  formation  of 
'  Zfofn,  Jour.  Exii.  Jlfil,  vol.  iii,,  p.  549,  1895. 
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muscle  fibres  (see  page  100).  MTieii  tbe  wound  does  not  gape,  so  that 
the  severed  ends  are  uot  much  separated,  there  may  be,  it  would  seem, 
a  direct  re-establishment  of  muscular  continuity  by  new  development 
of  muscle,  without  the  formation  of  much  new  conuecti^'e  tissue. 

Hsemorrha^. — This  may  occur  as  a  result  of  mechauical  injury ;  from 
rupture  of  the  fibres  by  couvulsive  coiitractiou,  as  in  tetanus;  or  it  may 
occur  when  the  muscle  fibres  are  degenerated,  as  in  typhoid  fever;  or  in 
connection  with  certain  general  diseases,  as  scurvy,  purpura,  hjemor- 
rhagic  diathesis,  septiciemia,  etc.     The  blood  is  usually  readily  absorbed. 

Embolic  Infarction  of  Hascles  in  couuection  with  heail  disease  has  been 
described  in  a  few  cases,  but  it  is  rare. 


INIXAMKATIOir.    (Mjroaitia.) 

Soppnrative  Hyoaitia. — In  the  early  stages  of  this  lesion  the  muscle  is 
hypenemie  and  oedematous,  and  the  interstitial  tissue  more  or  less  infil- 
trated with  small  spheroidal  cells.  If  the  inflammation  becomes  intense 
there  may  be  an  excessive  accumulation  of  pus  cells,  either  diffusely  in 
tbe  interstitial  tissue  or  in  larger  and  smaller  masses.  Hand-in-hand 
with  this  cell  accumulation  occur  degenerative  changes  in  the  muscle 
fibres.  By  pressure  their  nutrition  is  interfered  with  and  they  undergo 
granular,  fatty,  or  hyaline  degeneration  and  necrosis.  They  may  com- 
pletely disintegrate ;  or  gangrene  may  occur,  so  that  larger  and  smaller 
masses  of  the  infiltrated  muscle  tissue  become  soft,  foul -smelling,  and 
converted  into  a  mass  of  detritus  in  which  but  little  muscle  structure  can 
be  detected  and  which  is  Intermiugled  with  bacteria.  In  other  cases 
there  may  be  larger  and  smaller  abscesses  formed  in  the  muscle,  the 
muscle  tissue  itself  d^eneratiug  and  disintegrating  and  mixing  with  the 
contents  of  the  abscess,  or  being  pressed  aside  and  undergoing  atrophy 
and  degeneration.  In  some  cases,  when  the  formation  of  pus  is  moderate 
in  amount,  there  may  be  restoration  by  formation  of  granulation  tissue 
between  the  muscle  fibres.  This  becomes  gradually  dense  and  finn,  and 
leads  to  more  or  less  atrophy  of  the  muscle  fibres  by  pressure. 

Acute  suppurative  myositis  may  accompany  wounds;  it  is  very  com- 
mon in  acute  phlegmonous  inflammations  of  the  skin  and  subcutaneous 
tissue,  and  often  accompanies  acute  infectious  diseases,  such  as  pysemia, 
erysipelas,  etc.  In  most  cases  the  "pyogenic"  cocci  are  present  in  the 
inflammatory  foci.  Suppuration  uot  infrequently  occurs  in  the  muscles 
adjacent  to  tbe  inflamed  mucous  membranes  in  diphtheria. 

Chronic  Interttitial  Hyoiitii.— In  this  lesion  there  is  a  new  formation 
of  connective  tissue  between  the  mu.scle  fibres  or  bundles  of  fibres.  This 
new  issue  is  sometimes  verj-  cellular,  resembling  granulation  issue,  and 
this  probably  represents  an  early  stage  of  the  disease.  In  other  cases 
(Fig.  49y)  dense  cicatricial  tissue  crowds  the  muscle  fibres  apart,  induc- 
ing atrophy  in  them,  and  sometimes  leading  to  their  complete  destruc- 
tion.    This  lesion,  the  analogue  of  chronic  interstitial  inflammation  of 
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the  internal  organs,  may  occur  iu  muscles  whicb  are  adjacent  to  other 
parts  wliicli  are  tbe  seat  of  chronic  infiaiimiatory  processes.  It  uiay 
occur  in  muscles  which  are  not  used.  The  new  formation  of  fibrous  tis- 
sue seems  iu  some  cases  to  be  secondary  to  atrophy  of  the  muscle  fibres, 
In  this  case  It  would  more  appropriately  be  called  replacement  fibrous 
hyperplasia. 

HyoiitiB  Ouifloasa. — Under  conditions  and  for  reasons  which  we  do 
not  understand,  there  occasionally  occurs,  usually  in  young  persons,  a 
new  formation  of  bone  in  the  interstitial  tissue  of  muscles,  and  in  ten- 
dons,  ligaments,  fasciie,  and  aponeu- 
roses.     This    sometimes    appaivntly 
starts  as  outgrowths  from  tbe  perios- 
teutu,  sometimes  not.     The  bone  for- 
mations are  apt  to  commence  attout 
the  neck  and  bach,  and  may  become 
very  widespread  over  tbe  body.     So 
far  as   tbe  muscles   are    concerned, 
there  is  usually  an  increa.se  of  con- 
nective tissue  between  tbe  fibres  and 
buudles,  in  which  new  bone  is  fonucd, 
usually  in  elongated  aud  sometimes 
in  spicula-like  masses.     The  muscle      Fta.  iw.-riinn 
fibres  undergo  secondarily  a  greater 
or  less  degree  of  atrophy  or  degeneration.     There  may  be  fatty  iufiltra- 
tion  between  tbe  fibres,   and  vai'ious  deformities  ai«  produced  by  the 
shortening  and  progressive  immobility  of  tbe  affetrted  parts. 

While  the  above  disease  is  a  progressive  and  frequently  a  general  one, 
there  may  be  new  formation  of  bone  in  miiscle  as  a  result  of  prolonged 
or  repeated  mechanical  iiTitation.  Thus  in  tbe  adductors  of  tbe  thigh 
in  persons  who  are  constantly  iu  tbe  saddle,  or  in  the  deltoid  muscle  of 
soldiers  who  strike  this  part  with  their  weapous  in  drill,  there  may  be  a 
formation  of  bone.' 

Tubercnlona  and  Syphilitic  Inflammation  in  tbe  muscle  is  of  occasional 
occurrence;  the  a«ti^'e  processes  are  in  the  connective  tissue  and  blood- 
vessels, the  muscle  fibres  being  secondarily  involved  in  various  phases 
of  atro])by  and  degeneration. 


The  tumors  of  the  mnscles  usually  develop  in  the  connective  tissue. 
Fibroma,  chondroma,  lipoma,  myxoma,  Barcoma  may  occur  as  primary 
tumors.  Carcinoma  and  sarcoma  may  occur  secondarily  in  the  muscles 
as  a  result  of  local  extension  from  adjacent  parts.  The  muscle  fibres 
are,  as  a  rule,  only  secondarily  affected  by  pressure,  etc.,  in  tumors  of 
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the  muscles,  but  there  exist  observations  which  poiut  to  the  possibility 
of  a  proliferatioQ  of  the  muscle  nuclei  and  the  new  formation  from  them 
of  cells  which  may  take  part  iu  the  growth  of  the  tumor. 

FABASITES. 

Trichina  apiralii  is  the  most  common  parasite  iu  the  muscles. 
Cyaticerous  cellnloBse  aud  Echinococooa  occasioually  occur. 
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CHAPTER  XIV. 

THE  NERVOUS  SYSTEM. 
The  Membranes  and  the  Ventricles. 

THE  DURA   MATER  CEREBRALIS. 

Trb  dura  nutter  is  a  dense  cnDiieclive-tissue  membraoe  which  serves  the  double 
purpose  of  a  periosteum  for  the  inner  surface  of  the  cranial  bones,  and  of  an  invesliDg 
membrune  for  the  hrain.  It  Is  itself  but  pnoriy  suppUed  with  blood -vessf^ls.  but  it  con- 
tains the  large  veuous  sinuses  which  cnrry  the  blood  from  the  brain.  Lesionn  of  the 
dura  niat«r,  therefore,  are  apt  to  be  associali-d  with  lesions  of  the  cranial  tunes,  of  the 
pia  maler.  or  of  the  venous  sinuses. 

In  young  children  the  dura  niater  adheres  closely  to  tlic  inner  surface  of  the  cnmial 
bones,  in  adults  it  is  more  readily  detache<l.  and  in  old  persons  it  is  again  more  adher- 
ent. Chronic  inflamination  of  tlie  external  laycrsof  the  dura  niater  also  renders  it  more 
adherent  to  the  bones. 

HAUOBRHAOE. 

Extra^'asated  blood  may  lie  between  the  dura  mater  and  the  crauial 
boDea,  ill  the  substance  of  the  membraue,  or  between  the  dura  niater  aud 
the  pia  mater. 

Htemorrhages  between  the  dura  mater  and  the  cranial  bones  are  usa- 
ally  due  to  blows  and  injuries  of  the  head,  are  often  of  ooiusiderable  size, 
separating  the  membrane  from  the  bones,  and  may  compre^ss  the  brain. 
They  are  often  associated  with  laceration  of  the  brain,  and  with  htemor- 
rhages  t>etween  the  dura  inater  and  pia  mater. 

Hfemorrhages  between  the  dura  mater  and  the  pia  mater  may  takt 
plaee  from  the  vessels  of  either  membrane.  Those  from  the  xessels  of 
the  dura  may  result  from  chronic  pachymeningitis, 

Hiemorrhages  into  the  substance  of  the  dura  mater  are  not  freijueut 
and  are  usually  small. 

Pies.sure  on  the  head  of  the  infant  in  delivery  may  cause  extrava.sa- 
tiona  of  blood  between  the  bones  and  the  dura  mater,  aa  well  as  between 
the  bones  and  the  pericranium. 

THBOMBOBIB. 

Thrombosis  of  the  venous  miuxen  is  not  uncommon.  It  is  often  associ- 
ated with  inflammation  of  the  dura  mater  and  with  injuries  and  iuHaui- 
matious  of  the  brain  and  pia  mater,  of  the  cranial  bones,  of  the  middle 
ear,  aud  of  the  scalp.     Like  thrombosis  in  other  parts  of  the  body,  it 
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may  occur  in  the  iufectious  aud  exhaastiug  diseases.  It  may  cxMtur  in 
apparently  healthy  persons  without  discoverable  cause.  The  thrombi 
may  be  red  or  white  aud  firm.  They  may  induce  no  secoudarj'  changes, 
or  they  may  extend  into  the  veins  and  iuduce  bsemorrhagic  softening  of 
the  involvwi  areas  of  the  brain. 


HTFT.  A  anif ATIOW.    (FacbjrmaningitU.) 

This  may  involve  the  external  layers  of  the  membrane,  pachyjiienin- 
gitia  externa,  or  the  internal  layers,  pachynieningitis  inleiiia.  It  may  be 
either  acnte  or  chronic.  The  tissues  of  the  substance  of  the  dura  mater 
participate  to  a  greater  or  less  degree  in  these  changes,  but  the  chief 
lesions  are  upon  the  surfaces. 

Acnte  pachymeningitia  externa  is  usually  secondary'  to  injuries  or  dis- 
eases of  the  cranial  bones;   thus  it  may  be  incited  by  fractures  of  the 


FlO.  m>.— PACHYXKNINGITIB  iNTUtNA    H^HORRHAniCA—CFIHOMC. 

At  tbe  UtCt  nrar  llie  vismIs  uh  coDnenlve-tluue  relle  roatalnlng  blood  plguieDt. 

ekull,  either  depressed  or  not,  osteitis,  caries,  suppurative  inflammation 
of  the  internal  and  middle  ear  and  of  the  mastoid  cells.  The  dura  mater 
is  commonly  congested  aud  swollen,  and  may  contain  small  ecchynioses. 
Tlie  inflammation  is  nenally  suppurative,  and  pus  may  accumulate  bf- 
tween  the  membrane  and  tbe  bone,  or  iu  tbe  substance  of  the  membrane. 
The  areas  of  inflammation  are  not  usually  extensive.  It  sometimes 
leads  to  thrombosis  of  the  venons  sinuses,  and  sometimes  gangrene  of  the 
dura  mater  occurs.  The  inflammation  may  extend  to  the  inner  surface 
of  the  dura  mater,  to  the  pia  mater  and  brain,  or  it  may  remain  localized 
and  undergo  resolution. 

Acute  pachymeningitii  interna  may  be  secondary  to  inflammation  of  the 
esternal  surface,  or  it  may  occur  as  a  eouiplicatiou  in  pyiemia,  puerperal 
fever,  chronic  difi'use  nephritis,  in  the  exanthemata  and  erysii>elas,  or 
independently.     There  is  a  geuei'ai  or  circumscribed  production  of  fibrin 
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and  pus,  so  that  tbe  iuterual  surface  of  the  membraue  is  lined  with  a 
layer  of  soft,  yellow  exudate. 

Simple  chroiuc  pacbymeniiigltu  coDsi»ts  in  the  formation  of  new  cou- 
necti^'e  tissue  in  the  duni  mater,  by  which  it  becomes  thicker  and  in 
many  cases  abnormally  adherent  to  the  bones  of  the  skull.  This  thick- 
ening; may  be  general  or  circumscribed,  and  may  involve  the  entire 
thickness  of  the  membraue.  Not  infrequently,  when  the  external  layers 
are  esi)ecia11y  involved,  firm  adhesions  to  the  skull  occur,  with  ossifica- 
tion of  the  outer  layers,  so  that  shreds  of  the  membrane  containing  little 
masses  of  boue  (osteophytes)  remain  sticking  to  the  skull  when  the  mem- 
brane is  stripped  off. 

Pachymeningitis  Interna  HEemorrhagioa. — This  is  an  important  form 
of  chronic  indanimation  of  the  internal  layer  of  the  dura  mater,  charac- 
terized by  the  formation  of  layers  of  new  deli- 
cate connective  tissue  with  numerous  very  thiu- 
walled  blood-vessels  from  which  the  blood  is 
prone  to  escape.  The  membrane  may  at  first 
appear  as  a,  delicate  fibrinous  pellicle,  with  small 
red  spots  8cattere<l  through  it,  or  it  may  look 
like  a  simple  reddish  or  brown  staining  of  the 
inner  surface  of  the  dura  mater.  Microscopical 
examination  shows  this  membrane  to  consist  of 
numerous  blood-vessels,  mostly  capillaries  with 

ver^'  thin  walls,  which  may  be  distended  or  pouched,  and  which  have 
grown  out  from  the  vessels  of  the  dura  mater  (Fig.  500).  Between 
the  vessels  is  a  homogeneous  or  slightly  difi'erentiated  basement  .sub- 
stance, containing  a  variable  number  of  spheroidal,  fusiform,  or  braueh- 
ing  cells.  Red  blood  cells  in  variable  quantity,  blood  pigment  in 
various  fonns,  frequently  enclosed  in  tbe  new  cells,  and  small  calcareous 
concretions  (brain  siuul)  (Fig.  501).  also  lie  in  the  intervaseular  spaces. 
In  more  a<lvanced  stages  the  new  membrane  may  become  greatly  thick- 
eneil,  its  outennost  layers  being  changed  Into  dense  fibrous  tissue  with 
obliteration  of  the  vessels;  while  the  more  recently  formed  layers  are 
similar  in  structure  to  those  at  first  developed.  Considerable  blood  usu- 
ally escai>es  by  diapedesis  from  the  vessels  of  the  new  membrane  in  all 
stages  of  its  formation.  The  vessels  are  also  very  liable  to  rupture, 
giving  rise  to  extensive  hiemorrhages  either  into  the  substance  of  the 
membrane  or  l>etween  it  and  tbe  pia  mater.  Sometimes  masses  of  new 
tissue  and  blood,  from  half  an  inch  to  an  inch  or-more  in  thickness,  are 
in  this  way  formed,  greatly  compressing  the  brniu..  These  new  mem- 
branes are  most  frequently  formed  over  the  coinexity  of  the  brain,  but 
nmy  extend  over  nearly  the  entire  surface  of  the  dura  mater.  Some- 
times, when  old,  the  entire  membrane,  densely  pigmented  and  firm,  lies 
loosely  lH>neath  the  dura  mater  without  compressing  the  brain  or  giving 
any  clinical  indication  of  its  jiresence.  The  membrane  may  induce 
chronic  changes  in  the  pia  mater,  with  ur  without  accompanying  changes 
in  the  cortical  portion  of  the  brain. 
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Barely,  seram  accumiitatcs  between  the  layers  of  the  new  membrane- 
and  in  this  way  cysts  of  large  size  may  be  formed.  In  rare  cases  diffuse 
suppuration  of  the  entire  uew  membraue  occurs. 

The  slighter  degrees  of  this  form  of  inflammation  may  occasion  no 
symptoms  during  life.  They  are  not  infrequently  found  in  persons  suf- 
fering from  various  chronic  brain  lesions  and  from  chronic  alcoholism, 
but  they  may  occur  unassociated  with  complicating  lesions.  The  more 
advanced  forms  of  the  lesion  are  frequently  found  in  idiots,  epileptics, 
etc. 

TnbercnloQB  pachymeningitii  may  occur  secondarily  to  that  form  of  in- 
flammation in  the  pia  mater  or  the  bones,  or  as  a  part  of  general  miliary 
tuberculosis.  The  tubercles  may  be  situated  on  either  surface  of  the 
membrane  or  in  its  substance,  and  may  be  single  or  aggregated,  forming 
large  masse.s. 

Syphilitic  paohyneningitis  manifests  itself  by  the  formation  of  so-called 
gummy  tumors  upon  either  the  external  or  internal  surface  of  the  dura 
mater.  These  tumors  may  be  single  or  multiple,  and  vary  gi^eatly  in 
size.  They  may  be  accompanied  by  simple  inflammatory'  changes  in  the 
dura  mater  in  their  vicinity.  They  may  undergo  suppuration  with  the 
formation  of  abscess.  The  iuflammatiou  may  extend  t^  tlie  pia  mater, 
inducing  simple  or  syphilitic  meningitis  and  adhesions  between  the  dura 
mater  and  pia  mater.  The  gummata  may,  on  the  other  hand,  when  occur- 
ring on  the  outer  surface  of  the  membrane,  cause  ab.'wrption  and  perfo- 
ration of  the  bones  of  the  skull. 

TUHOBS. 

Tibromata  and  Lipomata  occnr  rarely  in  the  dura  mater  and  are  of 
small  size. 

Small  ChondromatB  are  sometimes  found  connected  with  the  dura 
mater  at  the  base  of  the  bniin. 

Osteomata. — In  addition  to  the  fonnation  of  osteophytes  in  chi'onic 
external  pachymeningitis,  plates  and,  more  rarely,  globular  masses  of 
bone  may  be  formed  in  the  dura  mater,  unconnected  with  the  bones 
of  the  skull.  They  are  most  frequently  found  in  the  falx  cerebri,  but 
may  occur  elsewhere.  The  new  bone  may  be  dense  or  loose  in  texture, 
and  usually  produces  no  symptoms. 

Endotheliomata.' — These  tumors  may  grow  inward  or  outward,  causing 
pressure  on  the  brain  or  absorption  and  perforation  of  the  bones;  they 
often  attain  considerable  size.  Some  of  these  tunioi-s  somewhat  resemble 
certain  forms  of  epithelioma,  and  ba^e  often  been  described  as  primary 
carcinomata, 

Sarcomata  are  the  most  common  tumors  of  the  dura  mater,  and  of 
these  the  spindle-celled  forms  are  of  more,  the  round-  and  polyhedral- 
celled  of  less  frequent  occurrence.  They  may  grow  from  either  surface 
■r  alUed  to  tlic  eDdoUieKomata  con- 
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of  the  membrane.  Some  of  the  rouud-  and  polyhedral-celled  forms  are 
soft  aud  very  vascular,  aud  are  apt  to  in\'olve  the  neigbboriug  i)iii  mater 
and  brain  tissue,  or  the  boues  of  the  skull,  which  they  may  perforate. 
They  sometimes  project  through  the  opening  in  the  sknll  in  fangons, 
bleeding  niaK.ses. 

Pummomata  are  smalt  globular  tumors,  often  multiple  aud  pedicn- 
lated,  growing  from  the  inner  surface  of  the  dnra  mater.     They  are  usn- 
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ally  composed  of  tissue  fibrous,  sarcomatous  or  endotbeliomatous  in  char- 
actei',  and  contain  \'jirionsly  shay>efl  calcareous  concretions  similar  in 
appearance  to  the  so-called  brain  s;iiid  '  (Fig.  502), 

TJIE  FT  A   MATER   CEREBBALIS. 
Oeaeral  Oharactars  of  the  Fia  Uater. 


The  external  siirfHcc  i>f  tlic  brain  is  ioreste^l  by  a  cunnective-t issue  membrana 
w)ifcli  cnvtrs  lliec<mv<)lutioiis,  (lips  down  into  Ilie  sulci,  and  extonda  into  Ihe  ventricli-s. 
TliiR  mL-nibranc  is  abuudautly  supplied  witii  b1i>o(!-vp!iselH,  and  from  it  nunH-mus  ves- 
sels extend  iulu  tile  bnitn.  wi  Iliat  any  dlsturbanre  in  tbe  circulation  of  the  blood  in  the 
pfa  mater  involves  a  disturbance  In  tlie  drculution  of  the  blood  in  tbc  brain  also. 

Tlid'Ount-ctive  tiRSiiu  which  makes  up  the  pianialiT  is  arranged  inastrfea  of  mem- 
branes tind  Hbres  reinrorceil  by  elastic  tisHiie.  so  arranged  as  to  forma  sponge' membrane 
conluiiiiag  nniiicrous  cavities  mort'  or  less  filled  ivilh  fluid.  These  cavities  are  continu- 
ous wilh  tlie  perivaceular  spaces  which  surround  the  veKselsIhat  pass  fronilhc  piu  mater 
into  the  brain.  The  outer  layers  of  tlie  pia  mater  are  the  most  compact,  and  are  covered 
on  their  outer  surface  by  a  continuotis  layer  of  endothelial  cells.  This  external  layer 
of  Ilie  pin  miller  Is  often  dewribeil  as  a  separate  membrane  called  the  "arachnoid."  but 
it  is  really  only  [lart  of  Ihe  pia.  Tlie  deeper  layers  of  the  pia  conlain  the  bloiNl- vessels. 
Tbe  membranes  aud  Hhres  ivhfcli  ei)mpose  the  pia  malcr  are  partly  coated  with  cetla 
wliicii  have  irregular  and  delicate  c<ll  Imdles  aud  large,  <llstlnct  nuclei 

Along  the  lH>nlcrs  of  llio  longiluilinal  fissure,  and,  more  rarely,  on  tbe  under  sur- 
face of  Ihe  bmin,  are  a  numlMT  of  small,  white,  firm,  irregular  bodies,  tlie  Puiv-liioiiinn 
hiilira.  They  vary  in  their  size,  their  numlwr.  ami  In  the  extent  of  the  surface  of  Ihe 
hemisphen-s  which  they  cover.  They  may  perforal*  the  dura  mater,  or,  more  rarely, 
the  wall  of  Ihe  longitudinal  bIuus,  hiuI  may  pro<luce  erosions  of  the  skull  bones.  They 
are  composed  of  fibrous  lissm;  and  may  undergo  fatty  or  calcareous  degeneration. 
We  arc  ignorant  as  to  their  origin,  and  as  to  the  causes  of  their  variations  in  size  and 
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Dumber.  The  frequency  of  tlieir  occurreuce,  and  the  abseoce  uf  any  known  pathologi' 
cat  significance,  warrant  our  regarding;  tLem  as  essentially  normal  atruclures. 

Ttic  pia  mater  is  frequently  thickened,  opaque,  and  white,  either  in  diffuse  patches 
or,  more  commonly,  along  tlie  course  of  the  vessels,  lu  other  cases  single  or  multiple 
small  white  spots,  of  the  size  of  a  pin's  head  or  smaller,  may  be  seen  in  the  memhrane, 
not  appreciably  elevated  above  the  surface,  but  due  to  localized  thickening.  These 
slight  opacities  of  the  pia  mater  are  commonly  believed  to  be  dependent  upon  repeated 
congestiooa  of  the  membrane  or  upon  chronic  meningitis,  but  there  is  no  evidence  that 
this  is  always  the  case.  They  are  most  frequeolly  found  in  old  persons,  but  may  exist 
at  any  age,  and  do  not  necessarily  Indicate  the  pre-existence  of  disease. 

The  amount  of  blood  contained  in  the  vessels  of  the  pia  mater  after  death  varies 
greatly,  and  is  by  no  means  a  reliable  indication  of  the  amount  present  during  life.  In 
general  aneemia  the  vessels  of  the  pia  mater  may  conlaio  little  blood,  but,  on  the  other 
hand,  they  sometimes  seem  to  contain  a  relatively  larger  amount  than  other  parts  of  the 
body.  In  cedema  of  tbe  brain  and  pia  mater  the  vessels  of  the  latter  may  contain  but  a 
small  amount  of  blood. 

(EDEHA. 

The  qnaiitity  of  serum  beneath  the  pia  mater  and  infiltrating  its  ti8- 
siie  is  very  variable  iu  amount.  It  mayaccunitilateas  a  result  of  atrophy 
of  the  brain  substance  or  of  venous  hypeiiemia,  aud  sometimes  is,  and 
sometimes  ia  not,  accompanied  by  oedema  of  the  brain  substance.  It 
may  be  diffuse  or  localized.  It  is  uot  infrequent  to  find  iu  hospital  pa- 
tients suffering  from  chronic  nephritis,  cardiac  or  pulmonary  disease,  or 
chronic  alcoholism,  a  very  cousiderable  amouut  of  serum  iu  this  situa- 
Uon,  and  yet  the  patient  has  been  free  from  cerebral  symptoms.  In 
other  cases  a  serous  effusion  may  accompany  grai'e  cerebral  symptoms. 
It  is  necessary  to  be  very  careful  iu  jnc^ing  of  the  importance  of  this 
accumnlation  of  fluid,  eKpecially  iu  determining  the  cause  of  death  iu 
the'abseuce  of  other  marked  lesions  (.'^ee  page  78!)). 

It  should  always  be  borne  iu  mind  that  an  accumulation  of  fluid  be- 
neath the  pia  mater  aud  in  its  mesh^  may  occur  as  a  result  uf  post- 
mortem changes. 

HTPEILSMIA   AND   BLSHOXtBHAGE. 

.  Hypertemia. — The  pia  mater  may  be  hypenemic  iu  early  stages  of  men- 
ingitis, in  delirium  tremens,  in  epileptic  convulsions,  in  infectious  dis- 
ea-se.s,  aud  in  poisoning.  It  may  be  due  to  the  pressure  of  exudates  or 
tiunors  on  the  veins,  or  to  general  oi-  local  lesions  of  the  circulatory 
system.  The  time  which  elapsed  between  death  and  the  autopsy,  the 
position  in  which  the  body  has  lain,  the  coagulability  of  the  blood,  may 
have  an  important  bearing  upon  the  amount  aud  situation  of  blood  in 
the  pia 

Hnmorrliag'fl. — This  may  occur  either  into  the  apace  between  the  dura 
mater  aud  the  pia  mater — inteniieniiifjfal  hwrnorrhagti — orin  the  meshes  of 
the  pia  or  between  the  latter  and  the  brain.  It  maj'  be  due  to  injury, 
to  rupture  of  aneurisms  or  otherwise  diseased  blood-vessels,  to  throm 
hoses  of  the  venous  sinuses,  or  to  <>ouditions  which  we  are  unable  to  as- 
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certain.  Hsemorrhages  without  known  cause  not  infrequently  occur  in 
the  substance  of  the  pia  mater  in  young  children,  but  in  adults  they  are 
apt  to  be  the  result  of  injury.  Multiple  ecchj-moses,  however,  iu  the 
substance  of  the  pia  mater  sometimes  occur  in  infectious  diseases  aiid 
also  iu  acute  inflammation  of  the  pia  mater.  Hsemorrhages  iu  the  braiu 
substance  may  lead  to  the  accumulation  of  blood  beneath  or  iu  the 
meshes  of  the  pia  mater.  Intermeningeal  hsemorrhage  iu  iufants  as  a 
result  of  iujury  during  birth  is  uot  uncommon.  Small,  and  sometimes 
considerable,  extra\'afiations  of  blood  may  occur  from  diapedesis,  ,aud 
sometimes,  as  a  result  of  chronic  congelation,  degenerated  blood  pigment 
collects  along  the  walls  of  the  vessels.  The  extra^'asated  blood  iu  menin- 
geal bfeinorrhage,  if  small  in  quantity,  may  be  lately  absorbed,  leaving 
a  greater  or  smaller  accumulation  of  pigment  at  the  seat  of  the  hiemor- 
rhage.     Such  pigmentations  may  last  for  a  long  time. 


DTPLAMHATIOH.    (Heningitis— Leptomeningitis.) 

We  distinguish  a«utc,  chronic,  tuberculous,  and  syphilitic  meningitis. 

Acute  Kenii^tiB  may  occur  as  the  characteristic  lesion  of  epidemic 
cerebro -spinal  meningitis;  it  is  a  not  very  infrequent  complication  of 
pneumonia,  typhus  and  typhoid  fever,  the  exanthemata,  and  of  chronic 
diffuse  nephritis;  it  may  be  secondary  to  injuries  and  inflammation  of 
the  cranial  bones,  of  the  dura  mater,  and  of  the  middle  ear,  and  it  some- 
times occurs  as  an  indoi>endent  infectious  process. 

In  acute  meningitis  the  intlammatorj'  process  is  apt  to  extend  down- 
wai-d  and  involve  the  pia  mater  of  the  cord.  It  may  also  involve  the 
ependyma  of  (he  ventricles,  and  ctiuse  the  distention  of  these  cavi- 
ties with  serum.  This  latter  condition  is  especially  frequent  in  young 
children. 

It  is  convenient  to  consider  two  varieties  of  acute  meningitis,  one  in 
which  there  is  cell  proliferation  with  little  or  no  exudate,  the  other  iu 
which  exudate  is  present.  In  many  cases  at  least  the  first  may  be  the 
early  stage  of  the  latter  form. 

1.  Acute  Cellular  Meningitis. — The  pia  mater  is  congested,  its 
surface  is  dry  and  lustreless,  and  it  is  somewhat  opaque.  The  changes 
in  the  gross  api>earauce  of  the  membrane  are  not  marked  and  are  easily 
overlooked,  but  the  minnte  changes  are  more  decided.  There  is  a  pro- 
liferation of  the  endothelial  and  connective-tissue  cells  of  the  pia,  and 
often  a  moderate  collection  of  fluid  and  leucocytes  in  the  meshes  of  the 
pia.  This  cell  pi-olifenttiou  may  involve  the  pia  mater  over  most  of  the 
surface  of  the  brain.  This  form  of  meningitis  is  of  frequent  occurrence 
and  is  attended  with  the  ordiuarj-  clinical  symptoms  of  acute  meningitis. 

2.  Acute  Exudative  Meninoitis  is  characterized  by  the  accumu- 
lation, chiefly  in  the  meshe-s  of  the  pia  nmter  and  along  the  walls  of  the 
blood-vessels,  of  variable  quantities  of  serum,  fibrin,  and  pus.  Some- 
times one,  sometimes  another  of  these  preponderates,  giving  rise  to  ser- 
ous, fibrinous,  or  purulent  forms  of  the  iutlammation.     The  absolute 
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quautiti«s,  too,  of  the  exudations  vary  greatly.  In  some  cases  deatli 
may  occur  with  so  slight  a  formation  of  exudate  that  to  the  naked  eye 
the  pia  mater  may  look  quite  normal  or  perhaps  ouly  moderately  byper- 
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nmic  or  oedematous;  the  microscope,  howe\-er,  in  tliese  cases  will  reveal 
pus  cells  in  small  numbers,  new-formed  connective-tissue  cells  (Fig.  603 
and  Fig.  504),  and  sometimes  flakes  of  fibrin  in  the  meshes  of  the  pia  and 
along  tbe  walls  of  tbe  vessels.  In  other  cases  turbid  serum  in  tbe  meshes 
of  the  membrane  is  all  that  can  be  seen,  and  tbe  microsco])e  shows  the 
turbidity  to  be  due  to  pus  cells  or  a  small  amount  of  fibrin.  Again, 
either  with  or  without  marked  cedema  of  the  pia  mater,  yellowish 
stripes  are  seen  along  the  sides  of  the  veins,  sometimes  appearing  like 
faint  tuibid  streaks,  and  at  others  dense,  ojiaque,  thick,  and  wide,  and 
almost  concealing  the  vessels.  These  are  due  to  the  accumulation  of 
pus  cells  and  fibrin  in  large  quantities  along  the  vessels,  and  are  best 
seen  and  most  abundant  around  the  larger  veins  which  pass  over  tbe 
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sulci-  In  still  other  cases  the  infiltration  with  pus  and  fibrin  is  so  dense, 
thick,  and  general  that  the  brain  tissues,  convolutions,  and  most  of 
tbe  vessels  of  the  pia  mater  themselves  are  concealed  by  it.  This  pus  is 
usually  of  a  greeuish-yellow  color,  and  is  sometimes  so  thick  as  to  form 
i9 
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a  sort  of  cast  of  tlie  brain  surface  at  the  seat  of  the  \esioD  (Fig.  505). 
Sometimes  extravBsated  red  blood  cells  are  mingled  with  the  other  exu- 
dations, as  the  result  of  diapedesis.  Microscopical  examination  shows 
uumerous  white  blood  cells  sticking  in  the  walls  of  the  veins  and  capil- 
laries, or  the  vessels  may  be  blocked  nith  them.  It  is  evident  that  a 
lai^e  iMirt  of  the  pus  cells  accumulate  as  the  result  of  emigration.  The 
connective- tissue  cells  of  the  pia  mater  may  be  detached  from  their 
places  or  degenerated.  lu  some  cases  there  are  considerable  accumula- 
tions of  pus  between  the  pia  mater  and  the  brain  substance  and  along 
the  vessels  which  enter  the  latter.  More  rarely  pus  is  found  upon  the 
free  surface  of  the  membrane.  The  brain  substance  may  be  compressed 
by  the  accumulated  exudate,  so  that  the  convolutions  are  flattened. 
The  cortical  portion  of  the  brain  may  be  simply  infiltrated  with  serum 
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trom  pUand  nurmundid  by  a  zone  ol  pueorlls:  (I.  runii<^i»l  blood-venete  ol  plamaler;  c,  smsller  blood- 
vrmcls  o[  pia,  around  whicb  pus  I't^llit  ar«  i-oIIwUhI  In  ilfnse  masiws. 

— (edematous — or  it  may  undergo  degenerative  changes,  or  it  may  be 
the  seat  of  punctate  hiemorrbages.  Not  infrequently  the  infiammation 
extends  to  the  ventricles,  which  may  contain  purulent  serum,  and  to  the 
pia  mater  of  the  cord.  This  form  of  inflammation  is  most  frequent  on 
the  convexity  of  the  brain,  but  may  extend  or  even  be  confined  to  the 
base.  It  may  be  localized,  but  f requentlj-  extends  widely  over  the  sur- 
faces of  the  hemispheres, 

WTian  reco^erj'  from  acute  exudative  meningitis  occurs  there  may  be 
fatty  degeneration  of  the  cells  which  have  accumulated  in  the  pia  mater, 
particularly  along  the  vessels  (Fig.  506),  and  this  may  produce  white 
patches  in  the  membrane  and  threatls  along  the  blood-vessels,  which 
resemble  the  appearance  of  au  accumulatiou  of  exudate  in  the  a<'nte 
stage.  Fatty  degeneration  of  the  bloo<l-vessels  and  cells  of  the  pia 
mater  may  also  occur  without  acute  inflammatorj'  changes. 

Sometimes,  in  children  and  young  adults,  inflammatory  chauges  in 
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the  ventricles  persist  for  days  and  weeks  after  tbe  subsideuce  of  the  in- 
flanimatioQ  of  the  pia  uiater. 

For  3  discussion  of  the  bacterial  excitants  of  exudative  meningitis 
see  page  218.' 

Chronic  Heningitis. — Either  the  pia  mater  at  the  base  of  the  braiu 
alone  may  be  inflamed  (basilar  meningitis),  or  the  pia  mater  over  the 
convexity  alone,  or  the  entire  pia  mater,  or  circTunscribetl  patches  of  the 
membrane.  The  pia  mater  is  thickened  and  opaque,  tbe  thickening 
being  sometimes  very  considerable.  There  is  a  f  ormatiou  of  new  connec- 
tive tissue  and  this  may  be  associated  with  accumulation  of  pus,  fibrin, 
and  serum;  the  relative  quantity  of  these  inflammatory  products  varies 
in  difTerent  cases.  Firm  and  sometimes  extensive  adhesions  may  be 
formed  between  the  dura  mater  and  the  pia  mater.  Not  infrequently  the 
cortical  portions  of  the  braiu  participate  in  the  process,  and  there  is  an 


PlO.  5IIA.~FattV   DEREXERITIO!!  OF  CKLtS  AlONR  THE  BL0OD-VERStL8  OT  THE  PlA  UATIB  Ams 

Exudative  Memnojtis. 
From  tbe  pia  mUer  o[  a  clilld  Ovs  jtaia  old. 

infiltration  of  small  spheroidal  cells  around  the  blood-vessels,  thickening 
of  the  walls  of  the  vessels,  and  degeuerative  changes  and  atrophy  of  the 
ner\'c  tissue.  Kew  connective  tissue  may  also  form  in  the  brain  sub- 
stance, which  may  become  closely  adherent  to  the  pia  mater.  The  ven- 
tricles of  the  brain  also  may  coutain  an  increased  amount  of  serum  and 
may  be  dilated ;  the  ependyma  may  be  thickened  and  roughened.  This 
form  of  inflammation  may  be  the  result  of  injury  or  disease  of  the  cra- 
nial bones,  or  secondary  to  chronic  pachymeningitis  or  to  inflammation  of 
the  brain  substance.  It  may  occur  in  the  vicinity  of  tumors  of  the  braiu 
or  meninges.  It  may  be  a  complication  of  chronic  difl'use  nephritis  or 
the  result  of  chronic  alcoholic  poisoning.  It  may  occur  in  marked  form 
in  general  i)aresiH  of  tbe  insane. 

'  The  close  topographic  relationships  wlifch  the  nasal  cavities  ami  the  miOdle  oar 
bear  to  tlic  meninges  are  significant  in  tliis  tuniiection  od  account  of  the  possibility  of 
tlie  tmnamissioii  to  tlic  brain  membranes  of  bacteria  not  uacommonly  present  and  usu- 
ally liunnli'ss  in  the  former  situations. 
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TnbeiOQloDS  Keuii^tu. — Tfaiu  is  especially  cbantcterized  by  the  format 
tiou  ill  tbe  pia  mater  of  miliary  tubercles,  associated  Mitb  more  or  less 
vell-marked  exudative  ioflammatiou.  It  may  occur  iu  adults  and  iu 
childreu,  but  is  more  common  in  the  latter.  The  dura  mater  may  be 
UQchaiiged,  or  its  inner  surface  may  be  spriukled  with  miliary  tubercles. 
The  pia  mater  may  or  may  not  be  congested ;  it  may  look  dry  on  the  sur- 
face or  it  may  be  cedematous.  TJBually  the  braiu  seems  to  fill  the  cere- 
bral cavity  to  an  unusual  degree,  and  tbe  couvolntious  are  flattened.  If 
the  pia  mater  be  cedematous  the  serum  may  be  clear,  or  turbid  with  pus 
and  fibrin.  The  membrane  may  present  any  of  the  general  appearances 
of  exudative  meningitis.  But  always  in  addition  to  these,  and  sometimes 
without  them,  are  found  milia,ry  tubercles.  These  may  be  few  and  widely 
scattered,  or  present  in  great  numbers.  They  are  moat  numerous  along 
the  blood-vessels,  but  may  occur  anywhere.  They  are  usually  abuudant 
at  the  base  of  the  brain.  On  the  convexity  they  are  most  common  along 
the  surfaces  of  the  sulci.  Some  of  the  tubercles  are  so  small  as  to  be 
scarcely  visible  or  entirely  invisible  to  the  naked  eye;  others  are  as  large 
as  a  pin's  head  or  larger.      They  may  be  formed  iu  the  membranous 


re  ta  a  peripbertl 

prolongations  of  the  pia  mater  which  <lip  into  tlie  sulci,  around  the  ves- 
sels which  enter  the  brain  substance,  iu  the  choroid  plexus  and  ependyma 
of  the  ventricles,  and  may  exist  in  the  spinal  conl. 

Tlie  miliary  tubercles  ha\e  the  usual  structural  characters  of  focal 
tuberculosis  iu  connective  tissue  (Fig,  507). 

Iu  children  the  veutricles  are  usually  more  or  less  distended  by  au 
accumulation  of  transparent  or  turbid  serum,  and  the  walls  of  the  ven- 
tricles may  be  studded  with  miliary  tubercles  (see  Fig.  508).  In  adults 
the  ventricles  are  teas  frequently  involved.  The  braiu  tissue  around 
the  ventricles  is  often  softeued.  The  central  canal  of  the  spinal  cord 
may  also  be  dilated.  It  is  the  dilatation  of  the  ventricles  which  causes 
the  flattening  of  the  convolutions,  and  the  flattening  is  usually  in  dii-ect 
proportion  to  the  amount  of  accumulated  fluid. 

Owing  to  the  frequency  of  the  dilatation  of  the  ventricles  with  serum 
iu  children,  the  disease  is  often  csilled  acute  hfiArocephalnv. 

In  both  childreu  and  ailults  the  tuberculous  inflammation  may  produce 
large  masses  of  tuberculous  tissue,  which  undei^o  cheesy  degeneration, 
and  may  involve  the  brain  tissue. 
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In  almost  all  cases  of  tuberculous  meuiugitis  there  is  tuberculous 
iDflammation  in  other  parts  of  the  body. 

Miliary  tubercles  iu  the  choroid  of  the  eye  are  present  in  a  considerable 
proportion  of  cases. 

The  cortex  of  the  brain  may  be  hypenemic,  and  punctate  hemor- 
rhages may  be  present  in  the  cortex  and  in  the  pia  mater. 

Syphilitic  JCenin^tis. — In  this  form  of  inflammation,  which  is  usually 
circnmscribed,  there  is  a  development  of  gummy  tumors  of  variable  size, 
frequently  associated  with  simple  iiitlammation  of  the  membrane,  either 


Fin.  KM.— A  Miliary  TrmtRrLR  nr  the  Epkndth*  of  trk  Lateral  Vektriclk. 
This  Hliiim  sD  mrlv  mage  tit  tulvrcli-  ['immlhin  on  lhi>  tiKadyma  wllhuiit  marked  raKonlloD. 

with  the  formation  of  serum,  fibrin,  and  pus,  or  with  the  dei'clopment 
of  new  counective  tissue  and  consequent  thickening  of  the  membrane. 
The  ti;ummata  may  form  in  the  pia  mater  covering  the  convexity,  or  at 
the  base  of  the  brain.  They  may  grow  outward,  involving  the  dura 
mater;  or  inward,  encroaching  npon  or  involving  the  brain  tis.sue. 
Although  usually  circumscribed,  syphilitic  inflammation  may  occnr  as 
a  diffuse  thickening  of  the  membrane.  The  syphilitic  nodnles,  includ- 
ing the  gummata  and  new-formed  connective  tissue,  are  often  very 
small,  but  may  be  as  lai^  as  a  hen's  ^g. 


Hsematoma. — In  chronic  pachymeningitis  of  long  standing  the  new 
connective  tissue  may  form  large,  flat  cj-sts  between  the  tiura  mater  and 
the  pia  mater,  which  may  compress  the  surface  of  the  brain.  The  blood 
originally  contained  in  these  cysts  may  be  absorbed  and  replaced  by 
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semm,  the  attachments  to  the  dura  mater  Jiiay  disappear,  and  the  whole 
appearance  beeomes  that  of  an  independent  cyst  between  the  dura  mater 
and  the  pia  mater.  Pibroma,  liponu,  myxoma,  chondroma,  and  osteoma  are 
of  rare  occnrreiiee. 

Endotheliomata. — These  tumors  are  of  not  infrequent  occurrence,  ana 
may  grow  from  the  pia  of  the  cerebrum  or  cerebellum  or  from  the  chor- 
oid plesns.  They  may  be  single  or  multiple.  They  may  be  small  or  so 
large  as  seriously  to  compress  the  brain. 

Some  of  them  are  composed  of  a  connective-tis.sue  stroma  which  en- 
closes regular  spaces  filled  with  large,  fiat,  nucleated  cells.  These  may 
resemble  carcinoma.     Some  of  them  are  composed  of  a  connective-tissue 


Fia.  snn.— Endothelioma  op  the  cerebelluh  Ouoinating  in  the  pia  Hatbb. 
Showing  genera]  amiesniiiee  ol  tbe  tuitior  (see  Fig.  51U1. 

stroma  which  forms  canities  linetl  with  cylindrical  epithelium.  Tu  such 
tumors  the  stroma  may  grow  so  as  to  form  papillie  covered  with  cylin- 
drical epithelium;  or  in  addition  there  may  be  mucou.s  degeneration  of 
the  stroma.  In  some  of  them  there  is  a  coimecti\e- tissue  stroma  which 
contains  large  niunbers  of  blood-vessels.  Around  these  blood -vessels  are 
arranged  regular  ma.sses  of  polyhedral  cells  (Figs,  509  and  610). 

In  some  of  them  the  sti'oma  is  scauty.  The  cells  are  numerous,  large, 
flat,  and  arranged  in  little  globular  masses  or  nests.  If  in  these  little 
nests  there  is  a  deposition  of  the  salts  of  lime,  forming  concretions  like 
the  so-ealle<l  "brain  sand,"  the  tumor  is  called  a  "psammoma."  Some 
of  the  tumors  seem  to  be  formed  of  very  thin,  nucleated  membranes  ar- 
ranged concentrically  like  tbe  layers  of  an  onion. 
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Some  of  the  tumors  are  composed  of  balls  or  nests  of  lai^,  flat  cells, 
witii  which  are  found  crystals  of  eholesteriii — "cholesteatoma."  ' 

Sarcoma. — Tumors  belonging  to  the  ordinary  types  of  rountl-  and  fusi- 
form-celled sarcoma,  and  of  myxosarcoma,  are  occasionally  fouud  iu  tlie 
pia  mater. 

Cyati. — Small  cysts  are  often  found  in  the  choroid  plexus.  Rarely 
such  cysts  reiicb  a  larger  size,  even  as  large  as  a  pigeon's  egg. 


Tin.  610.— ESDOTTIKLHUli  OK  TIIK  PU  MATKH  Of  TUB  CERRBrLLrM. 

1  III  pill  msUM- dIppEne  IntjiR  aulcus: 

Cj'sts  of  the  pia  mater  containing  serum,  with  walls  and  septa  of  con- 
nective tissue  and  compressing  the  brain,  have  l)een  described. 

Variously  shape<l  pigment  colli  not  infreijuently  occur  in  the  pia  mater, 
either  scattered  or  sometimes  in  considerable  masses;  they  seem  to.  have 
little  pathological  significance.  Not  infrequently  thin  plates  of  new- 
formed  bone  are  found  in  the  pia  mater,  associated  with  a  thickeuing  of 
the  membrane. 

PABABITES. 

Cystioeroas  has  been  observed  in  the  pia  mater. 

1,  witli  bibliography,  see  Bott- 
viii..  p.  1,  18B7. 
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THE  DVRA   MATER  SPISALIS. 


TLe  dura  niater  spinnlU, 
Ihe  bones  tonning  tliecaviij-, 


Hfemorrhage  luay  occur,  as  ttic  result  of  injury,  betTreeo  the  duia 
mater  aud  periosteum,  or  it  may  occur  iu  tetauus,  as  a  result  of  circula- 
tory chauges  induced  by  muscular  spasm,  or  iu  the  aspliysia  of  new- 
boru  children.  Small  hfemorrhages  ou  the  surfaces  of  the  membrane 
may  occur  as  the  result  of  inflammation. 

Serous  fluid  may  accumulate  outside  of  the  dura  mater  as  a  result  of 
post-mortem  changes,  or  in  connection  with  circulatory  or  inflammatory 
changes  in  the  membranes. 

INFLAHHATION.    (Pachymeninffitis.) 

Acnte  external  paohymenin^tifl  m  usually  secondary  to  disease  or  iu- 
jury  of  the  spinal  cdlnuiu,  and  may  result  in  collecfione  of  pus  between 
the  dura  mater  and  periositeiim,  nsnally  most  abundant  posteriorly. 
Hemorrhagic  paohymeningitis  occurs  in  the  dura  mater  spinalis,  with  the 
formation  of  products  similar  to  those  observed  in  the  brain,  in  the 
ehrouic  insane  and  in  drunkards.  Simple  ebronic  pachymenin^tis  iotemt 
with  the  formation  of  new  oonnecti\e  tissue  containing  brain  sand,  is  not 
infrequent.  The  new  tissue  may  form  minute  projections  from  the  sur- 
face, or,  when  more  abundant,  may  take  the  form  of  pflammomata.  TulM^ 
onloua  inflammation  of  the  dura  mater  spinalis  may  occur  in  connection 
with  tuberculous  meningitis,  or  be  secondary  to  tuberculous  inflammation 
of  the  vertebrfie. 

TUUOBB. 

Fibromata,  Upomata,  chondromata,  myxomata,  endotheliomata,  and  adeniv 
sarcomata  occur  in  the  dura  mater  spinalis  as  primary  tumors.  Carei- 
nomata  and  sarcomata  nmy  occur  as  secondary  tumors.  Small  plates  of 
new-formed  bone  are  rai-ely  found  in  the  dura  mater  spinalis. 


XctiinococcuB  develoi>inR  outside  of  the  spinal  canal  may  perforate  the 
dura  mater;  or  the  cysts  may  lie  between  the  dura  mater  aud  the  pia 
mater. 

THE  PI  A   MATER  SPINALIS. 

It  is  difficult  in  most  casca  in  tile  pin  mater,  as  well  as  id  the  dura  mnter  spinalis 
and  in  tbe  spinal  rorti,  M  jiuige  with  certainty,  from  the  sppearances  after  death  of 
the  blood  contents  of  tlie  vessels,  of  these  parts  during  life.    TLe  same  is  true  of  iibnoi- 
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inal  [juaotities  of  serum  found  aft«r  death.  The  veina  of  the  pia  mater,  eapecially  hi 
the  posterior  region,  nmy  be  greatly  distended  with  blood  after  death,  without  pre- 
exisliDg  disease;  and  the  iDtermeaiageal  space  may  contain  much  fluid  urder  the  same 

condition. 

Hieiuorrhages  may  occur  from  injury  in  connection  with  severe  con- 
vulsions, or  general  diseases  such  as  the  hsemorrhagic  diathesis,  scurvy, 
smallpox,  etc.  The  hiemorrhages  under  these  conditions,  except  from 
injury,  are  not  usually  extensive.  But  in  some  cases  of  injury  or 
cerebral  apoplexy,  from  the  bursting  of  aneurisms  of  the  basilar  or 
vertebral  arteries,  or  in  cases  in  which  we  cannot  find  a  cause,  a  very 
lai^e  quantity  of  blood  may  collect  between  the  dura  and  pia  mater, 
and  in  the  meshes  of  or  beneath  the  latter. 


INFLAHKATION.     (Henin^tia.) 

Acute  exudative  spiiLal  meningitia  occurs  under  essentially  the  same 
conditions  and  with  essentially  the  same  post-mortem  appearances  as 
acute  cerebral  meningitis,  though  it  is  less  frequent.  The  exudate  is 
apt  to  be  most  abundant  in  the  posterior  portions.  It  may  be  asso- 
ciated with  a  similar  indammation  of  the  pia  mater  cerebralis,  and  the 
inner  surface  of  the  dura  mater  may  be  involved.  Tlie  disease  may  be 
circumscribed,  but  usually  affects  the  entire  length  of  the  membrane. 

Chronic  spinal  meningitiB  is  not  infrequent,  manifesting  itself  in  the 
formation  of  larger  or  smaller  patches  of  new  coiinecti\e  tissue  or  iu 
thickenings  of  the  pia  mater.  The  pia  and  dura  mater  may  thus  be  firmly 
united  in  pliK'es  by  adhesions,  or  the  pia  mater  may  become  closely  ad- 
herent to  the  substance  of  the  curd. 

Not  very  infretiuently  large  nnmbei's  of  pigment  cells  are  found  iu 
the  pia  mater  spinalis,  sometimes  giving  it  a  distinct  gray  or  blackish 
color. 

Tnherotdoiii  inflammation  is  usually  associated  with  a  similar  condition 
of  the  pia  mater  eei'ebralis,  in  which  ease  the  lesion  is  most  marked  in 
the  upper  portions  of  the  cord ;  but  it  may  extend  over  the  entire  mem- 
brane. The  conditions  under  which  it  occurs  and  the  character  of  the 
lesions  are  similar  in  both. 


Fibromata,  myxomata,  Barcomata,  and  endotheliom&ta  have  b<!en  found. 
Small  plates  of  cartilage  and  bone  (Fig.  511)  are  sometimes  found. in 
the  pia  mater. 

PARASITES. 
CysticerouB  sometimes  occurs  in  the  meshes  of  the  pia  mater. 
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TEB   VENTRICLES  OF  THE  BRAIK     THE  EPEXDYMA  AXD 

CHOROID  I'LEXVU. 

QENKSAL  CONSIDEBATIONS. 

As  the  lymph -spaces  of  the  pia  msiter  and  the  veutricles  of  the  brain 
are  iu  comiuiiuieatiou.  it  might  be  supposed  that  they  would  share  alike 
ID  the  accumulation  of  fluids.  TbiK,  however,  is  uot  the  case.  Tlie 
membraues  of  the  bniiu  may  be  highly  oedematoiis  while  tlie  Yeiitricles 
coutaiu  about  the  nonmil  quantity  of  fluid;  or,  ou  the  other  hand,  the 
ventricles  may  l>e  widely  dilated  and  the  pia  mater  unusually  drj'.  Many 
of  these  varying  conditions  may  l>e  understood  hy  remembering  that  the 
skull  and  spinal  canal  form  a  closed  cavity,  and  that  accimiulationsof 
fluid  in  one  i>art  must  1>e  at  the  expense  of  some  material  W'cupyiug 
other  pails,  either  bh)o<J,  serum,  or  brain  tissue.  It  is  uot  always  easy 
to  see,  however,  exactly  how  the  compensation  occurs. 

There  may  be  an  unusual  amount  of  fluid  in  the  ventricles  of  the 
brain  as  a  result  of  post-mortem  change ;  in  connection  with  senile  or 


Frii.  Sll— Pl,*Ti»  OF  BONF   IN   THF  PlA   MiTIH  PPINALIB. 

other  atrophy  of  the  bniin,  or  in  tlie  general  vascular  changes  which  lead 
to  ledema  of  the  brain ;  in  eounertion  with  inflammation  of  the  meninges 
or  of  tlie  ei>endyma;  or  under  rouditions  which  we  do  uot  understand, 
as  iu  some  cases  of  eonpeiiital  and  acquired  hydrocephalus.  Accumula- 
tions of  fluid  iu  the  ventricles  are  often  called  intemal  hj/drofvphalus  to 
distinguish  them  from  aceumulations  in  the  meninges — ejcternal  hydro- 
cepkaluH. 

nrFLAHHATION.  <Ependymitia.) 
Acute  Ependymitls.^In  this  condition,  which  may  occur  by  itself,  but 
is  usually  lussociated  with  inflammation  of  other  jiarts  of  the  brain,  the 
ei»eiidynia  is  couge.ste<l,  the  vessels  are  moi-e  pi-ominent  than  usual  and 
ai-e  often  tortuous.  The  opendynia  and  the  ac^jacent  brain  tissue  may  be 
thickenetl  and  infiltrated  with  pus  cells,  and  the  surface  of  the  ependyma 
covered  with  fibiin  and  pus  in  variable  quantity  (Fig.  512).  The  cai^i- 
ties  of  the  ventricles  may  contain  purulent  serum.  Small  haemorrhages 
may  also  be  present  in  the  tissue  of  the  ependyma.  This,  as  well  as 
other  forms  of  inflammation,  is  more  common  in  the  lateral  ventricles 
than  ill  the  othei-s,  but  not  infi-equently  involves  the  fourth  ventricle. 
The  choroid  jilexus  may  participate  in  the  inflamraator}'  changes  of  the 
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epeadyma.     Tuberculous  iuflammation  of   the  epeiidymn  is,  as  above 
tneutioned,  a  not  infi-equent  aceompauimeut  of  tuberculous  meningitis. 

Chronic  Ependymitis. — This  lesiou,  which  is  much  more  commou  than 
simple  acute  inflammation  of  the  ependjTiia,  occurs  under  a  variety  of 
conditions,  and  its  nature  and  cau.satiou  are  in  general  very  obscure. 
The  ependyma  is  tliicker,  whiter,  and  more  opaque  than  normal,  so  that 
the  vesisels  may  be  nearly  or  quite  iuvisible.     The  thickenings  may  oc 


ria.  512,— AtiTK  EPKSIiviilTiS.  ■ 

m  of  the  rttiliiule  by  iDOaminaunrpiuilHTi;:  coUrctlons  ot  pu!i  relli 
lum  BOd  about  Out  adjawnt  small  bluud-vmiielB. 

cur  in  patches  or  diffusely,  and  the  surface  of  the  ependyma  may  be 
smooth,  or  roughened  aud  granular.  On  microscopical  examination  the 
surface  of  the  eiieudyma  may  be  covered  with  the  usual  epithelium,  but 
the  new  comiectiV^ tissue  which  forms  beueath  it  often  raises  it  up  iu 
places,  causing  the  roughness  of  the  surface.  The  new  tissue  is  usually 
rather  loose  iu  texture  and  may  contain  many  small  spheroidal  cells;  but 
it  may  be  dense  in  texture  and  contain  few  cells.  The  brain  tissue  be- 
neath the  thickened  ependj-ma  may  be  softened  or  infiltrated  with  cells. 
Tlie  aides  of  the  ventricles  may  be  grown  together  in  places  by  the  adhe- 
sion of  the  thickened  and  roughened  ependyma.  The  ventncles  usually 
contain  more  serum  than  normal,  and  sometimes  this  accumulation  is 
so  great  as  to  cause  an  enormous  dilatation  of  them.  While  these  are 
in  general  the  prominent  lesions  in  chronic  inflanimatiou  of  the  epen- 
dyma, the  cases  vary  greatly  in  the  degree  to  which  these  changes  are 
developed. 

The  accumulation  of  fluid  and  the  dilatation  of  the  ventricles  being 
the  most  marked  feature  in  all  this  class  of  lesions,  they  are  often  called 
ekronie  hydrocephaUts,  but  in  many  cases  we  have  no  evidence  that  the 
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change  in  tbe  ependyma  is  an  impurtaat  or  even  an  actual  primary- 
factor, 

Hydrooephalns. — We  may,  for  convenience  of  etudy,  consider  three 
classes  of  cases  of  hydroceplialiis:  first,  congenital  hydrocephalus  in  young 
children;  second,  secondary  hydrocephalus  in  children  and  adniU ;  third, 
primary  hydrocephalus  in  adults. 

1.  CosoENlTAL  Hydkocephalus. — The  lesion  may  be  in  an  ad- 
vance<l  stage  at  the  time  of  birth,  or  it  may  be  scai-eely  evident  or  bnt 
moderately  developed.  It  may  progress  rapidly  and  canse  the  early 
death  of  the  child,  or  it  may  de^-elap  gradually  or  come  to  a  standstill. 
In  the  more  marked  forms  of  the  disease  the  ventricles  are  widely  dilated 
{Fig,  513)  and  filled  with  serum,  which  is  usually  trauspareut.  Not  only 
the  lateral  ventricles,  bnt  also  the  third  and  fifth,,  may  be  involved ;  the 
fourth  is  less  apt  to  participate  in  tbe  lesion,  although  it  is  sometimes 
dilated,  as  well  as  the  central  canal  of  the  cord. 

The  distention,  especially  of  the  lateral  ventricles,  may  be  so  great 
that  the  brain  tissne  over  the  vertex  is  crowded  up  into  a  thin  layer  be- 
neath the  dura  mater,  or  it  may  he  entirely  destroyed.  When  the  dila- 
tation of  the  ventricles  is  considerable,  the  convolutions  are  flattened 
and  may  be  almost  entirely  obliterated.  The  skull  bones  may  l>e  thin 
and  bulging  over  the  forehead  and  vertex;  the  fontanels  and  sutures 
widely  oj>en.     The  epeudynia  in  these  cases  is  usually  thick  and  rough. 


FlO.  r.i;!.— CONr.KNTTAL  HTDFOTEPHALrs  IN  CHTLD.    About  half  natural 
11,(1,  TMlalwllBteral  ventricle;  !>,  ojrnua,  unequally  dllstrf;  r,  third  ventrirle ;  d,  m 

but  it  may  l>e  softened,  and  the  blood-vessels  may  be  dilated.  The  basal 
portions  of  the  brain  may  be  flattened,  bnt  are  usually  much  less  affected 
than  the  upi>er  portions.     The  brain  tissne  is  usually  soft  and  anaemic. 

2.  SEfON'DAKY  HYDBorEPHA H's. — This  may  occnr  in  children  and 
adults,  and  may  be  a  result  of  epidemic  cerebrospinal  meningitis,  oi  of 
acute  meningitis,  or  of  chronic  meningitis.  It  sometimes  occurs  in 
chronic  alcoholic  poisoning  and  in  general  itaralysis  of  the  insane.  The 
amount  of  dilatation  of  the  ventricles  varies  greatly  in  these  cases,  bnt 


THE  NERVOUS  SYSTEM.  781 

it  is  never  so  great  sa  in  cougeuital  hydrocephalns,  and  is  not  accompa- 
nied by  the  changes  iu  the  sliape  of  the  skull  vhich  form  so  prominent  a 
feature  iu  the  latter  disease,  since  the  bones  are  firmer  and  the  sutures 
united.  In  this  form  of  chronic  hydrocephalus  the  changes  in  the  epen- 
dyma  above  described  are  usually  more  or  less  well  marked,  and  they 
may  be  associated  with  the  production  of  fibrin  and  pns. 

3,  Primary  Hydb(k:ephalu8  is  Adults. — The  conditions  leading 
to  this  form  of  lesion  are  not  uuderstood.  It  is  apt  to  occur  in  pei'sons 
over  thirty  yeara  of  age.  Sometimes  one,  sometimes  both  lateral  \en- 
tricles  are  dilated.  The  dilatation  is  usually  moderate,  soiaetimes  verj- 
slight,  aud  never  as  great  as  in  congenital  hydrocephalus.  The  ven- 
tricles usually  contain  transparent  serum,  and  the  ependyma  is  thickened 
and  roughened.  In  some  cases  it  is  the  only  lesion  found  to  account  for 
the  death  of  the  patient. 

TUMORS. 

New  formations  of  connective  tissue  in  the  epmdytna,  although  iisually 
diffuse,  may  be  circum.scril>ed  and  form  small,  projecting  connective-tis- 
sue nodules,  which  may  be  reckoned  among  the  fibromata.  Small  fibro- 
mata are  sometimes  detached  from  the  walls  of  the  ventricles  aud  lie  free 
in  the  cavity.  Small  lipomato,  automata,  and  also  sarcomata  and  ^lio- 
mata  occur  rarely.  Chondromata  and  automata  may  occur  in  the  choroid 
plexus,  the  latter  sometimes  being  as  lai^c  as  a  hen's  e^.  The  choroid 
plexus  is  uot  infrequently  the  seat  of  transparent  cysts,  usually  of  small 
size;  they  may  contain  a  clear  fluid,  or  colloid  material,  or  droplets  of 
fat,  or  calcareous  particles.  A  small  dermoid  cyst  containing  hairs  has 
been  described.     The  cysts  have  no  special  pathological  significance. 

Primary  carcinomata  sometimes  involve  the  ventricles. 

The  calcareous  bodies  called  brain  sand'  (see  Fig.  501),  occur  fre- 
quently iu  the  choroid  plexus,  and  corpora  amylacea  may  occur  here  and 
beneath  the  ependyma. 

PABASITES. 

Cysticeroufl  and  echinocoocu  cysts  are  sometimes  attached  to  the  walls 
of  the  ventricles  or  may  be  free  in  their  canities. 


The  Brain  and  Spinal  Cord. 

HalformatioaB  of  th«  Brain. 

Cvci.opiA.— Tliis  malfumiutioo  consists  In  an  arrest  of  devclopmeDt  altecling  lli^ 
cerebruri),  wliicli.  instead  of  separating  into  two  liemisplieres.  remains  single,  Willi  oni 
ventricle,  and  the  rudiments  of  llie  eyes  nsually  becom*^  joineil  and  form  oni-  eve.  Tills 
single  eye  is  in  tlie  middle  of  the  face,  near  tlie  place  of  the  root  of  the  nose,  in  a  single 

■  The  little,  hard  niHssea  called  brain  land  consist  of  a;!f;regatlonA  of  small  particles 
of  carbonate  and  phosphate  of  lime  with  a  small  amount  of  phosphate  ot  a 
magnesium.     With  these  there  is  more  or  less  organic  matti-r 
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orbit.  Over  thia  Is  an  Irregular  body  representing  the  nose.  The  real  of  the  face  b 
well  formed.  The  eyeball  may  be  wanting  entirely,  or  there  are  two  eyes  joiaed  to- 
gether, or.  more  seldom,  two  separate  eyes.  The  orbit  is  surrounded  by  ru<Umeuts  of 
foureyelids.  The  frontal  bone  ia  single,  the  nasal  bones  are  undeveloped-,  the  ethmoid, 
vomer,  and  turbinati^d  bones  are  absent.  The  optic  nerve  is  double,  single,  or  absent 
There  may  be  liydroceplialus.    Such  children  are  incapable  of  prolonged  existence. 

Ank-ncepbalia. — Thia  malformation  may  be  of  various  degrees.  The  brain  may 
be  entirely  absent,  the  base  of  the  cranium  being  covered  witli  a  thick  membrane,  into 
which  the  nerves  pasa.  The  membranes  may  form  a  sort  of  cyst  coiiuining  hlood  and 
serum,  or  portions  of  braio.  Of  the  cranial  bones,  only  those  wliicli  form  the  base  of 
the  bIcuH  are  present  (aerania).  The  scalp  is  usually  partly  or  entirely  absent  over  Ilie 
opening  In  the  skull;  the  eyes  are  prominent,  and  the  forehead  slopes  sharp!}'  back- 
ward.   This  malformation  may  occur  in  otherwise  well  developed  children. 

UTDRorEPRALUS, — TIlis  lesion  has  been  already  considered  above.  It  Is  proba- 
ble that  in  some  cases  kydroeephalut  internua  is  due  to  a  primary  partial  nnraeepluUia, 
and  that  the  accumuUiion  of  fluid  is  of  secondary  occuiTence.  In  rare  cases,  only 
part  of  one  lateral  ventricle  is  hydroceplialic,  giving  to  the  head  a  protuberance  on  one 
side.  The  viability  of  the  ftetUN  depends  upon  the  degree  of  the  hydrocephalus. 
I^roteplialiit  tj-ternvt  is  an  accumulation  of  serum  beneath  the  pia  mater,  or.  aecordiog 
to  some  authors,  between  the  pia  aud  dura  mater.  It  causes  dilatation  of  tlie  cranium 
and  conipresalon  of  the  bmin.  It  ia  of  very  rare  occurrence,  and  may  also  be  secondaij 
to  partial  anenccphalia. 

Cepeialocelb,  ok  Brain  Hbrma. — When  abnormal  openings  exist  in  the  skull 
froni  malformation,  the  contents  of  the  cerebral  cavity  are  apt  to  protrude  in  the  form 
of  larger  or  smaller  sacs.  This  may  occur  in  cases  of  well-marked  anencephalia  or  in 
cases  in  which  the  brain  is  well  developed.  The  protruding  sac  formed  of  the  meninges 
may  or  may  not  be  covered  with  skin.  If  the  contents  of  the  sac  are  simply  fluid,  the 
XKSWWKmWeAhydromfningorth;  if  composed  of  brain  substance,  enrtphaloerU  ;  if  the 
sac  contain  both  lluid  aiid  brain  sul>3taiiee,  it  is  called  hydrr-nrephaUtcele.  The  sacs  may 
be  very  small  or  as  large  as  a  child's  head.  Tliey  may  protrude  from  the  top  of  the 
skull  in  acrania.  Tliey  miKtt  frequently  protrude  tlirough  openings  In  the  occipital 
bone,  often  hanging  down  in  large  sacs  upon  the  neck;  also  at  tlie  root  of  the  nose, 
along  the  line  of  tlie  sutures,  at  the  base  of  the  skull,  and  elsewhere. 

3I1CROCEPIIAI.IA. — This  ia  an  abnormally  small  size  of  the  brain,  with  a  correspond- 
ingly small  cranium.  The  diminution  in  size  affects  principally  the  cerebral  hemi- 
spheres,  though  the  other  parts  of  the  brain  are  also  small.  Thus  the  cerebellum  may 
be  of  extremely  small  size.  The  cord  may  be  smaller  than  normal.  In  which  case  the 
diminution  in  size  la  apt  to  show  a  direct  dependence  upon  the  cerebral  lesions,  the 
direct  and  the  crossed  pyramidal  tracts  being  most  affected.  There  may  also  be  present 
imperfect  development  of  the  posterior  columns  and  of  the  direct  cerebellar  tracts.  The 
convolutions  are  few  and  simple,  the  cavities  often  dilated  with  serum;  on  the  mem- 
brancs  there  may  be  traces  of  inflammation.  The  cranium  is  small,  tlie  face  large,  ibe 
rest  of  the  bn<ly  small.  The  malformation  is  in  some  cases  caused  by  inflammation  or 
dropsy  of  the  brain  during  fatal  life.  It  is  endemic  in  some  countries,  but  single  cases 
may  occur  anywhere.  The  fceius  Is  viable.  Absence  or  incomplete  development  of 
portions  of  the  brain  may  occur,  not  only  in  idiots,  but  iu  persons  whose  minds  are 
perfect.' 

Halformation*  of  the  Spinal  Cord. 

The  malformations  of  the  spinal  conl  may  be  conveniently  classed  as  follows  (Van 
Gle«.n'); 

I.  {.'0S0ENITA1.  DKt'ORMrriEs  Associ.ited  wiTHSIoNSTRoanrKs.  and  iNCOMFATtfiLK 
wmt  Extra-Utebine  Like. 

'  For  a  general  consideration  of  malformations  of  the  central  nervous  system  con- 
Bult  Tliomo.  "Text-Book  of  Pathological  Anatomy,"  vol.  i,,  p.  206et  scq. 

'  rail  Oifmii.  "Artefacts  of  tlie  Nervous  Svstem."  New  Tork  Medical  Journal,  vol 
Ivi..  pp.  33*,  365,  421.  ISflS. 
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These  may  be  divided  Inlo; 

I.  Amyeii/i,  or  absence  of  the  spinal  cord.  This  is  almost  invariably  associated 
nitb  absence  of  the  brain. 

3,  Atelomyelia,  or  partial  development  of  the  spiuai  cord.  This  is  often  seen  in  the 
anencephalous  oraccpiialic  monsters,  where,  corresponding  to  the  incompletely  developed 
brain,  there  may  be  various  degrees  of  defective  development  in  the  length  of  the  cord. 

3.  DimlcmatomyeUa,  a  condition  in  which  a  portion  or  the  whole  of  the  cord  is 
split  into  two  lateral  halves.  Each  half  of  the  cord,  being  enveloped  in  its  own  mem- 
branefl  and  giving  rise  to  its  own  nerve  roots,  may  fuse  together  to  form  a  single  cord 
at  some  region. 

4.  DiyilomyeUa,  or  a  formation  of  two  spinal  cords — a  duplication  of  the  spinal  cord. 
This  happens  in  the  various  kinds  of  double  monsters. 

II.  Minor  Conoenitai.  Malformations  not  Inconbibtbnt  with  the  Maintb- 
KANCE  OP  Like. 

1.  BydrtirrluuJii»  interna  isadefective  closure  or  arrangement  of  the  divisions  of  the 
primary  fieCal  central  canal  often  resulting  in  the  dilatation  of  the  central  canal  by  Huld 
{Bydromyflia)  (Fig.  514).  This  dilatation  may  be  moderate,  or  so  eitreme  that  but 
little  of  the  substance  of  the  cord  is  left  as  a  thin  shell  around  the  central  cavity.  When 
they  have  not  been  destroyed  by  atrophy,  epithelial  cells  may  be  found  lining  the  cavity. 


FlQ.  G14.— HTDnOVIILlA. 

Di  wblch  Ihli  dnwlDK  vu  nude,  ibe  epltbeltal  cells  surrounillng  Ibe  dilated  c«aml  canal 


This  condition  may  be  accidentally  found  after  death.  Its  presence  may  also  be 
Indicated  by  its  as-sociation  with  spina  biflda.' 

2.  Heterotopia,  or  misplacement  of  the  substances  of  the  cord, 
(rt)  There  may  be  misplaced  portions  of  the  gray  matter. 

(6)  Portions  of  tiie  white  matter  may  bo  arranged  in  an  unusual  manner, 
8.  AiuiiniUiat  of  l}te  8piiial  Neite  Roott. 
4.   Atymmftii'ta  of  the  Spinal  Cord. 

Ill,  Mai.foruattons  op  thk  Spinal  Coro  Ac<)L'mEt>  duriso  Ektra-Utebinb 
Life  or  Secondaky  to  Defective  Development  is  Other  Parts  of  the  Body. 
1.  Distortions  following  other  cord  lesions. 

3.  Asymmetry  of  tiie  cord  due  to  arrested  development  after  birth  or  to  secondary 
atrophy  of  portions  of  the  cord  in  association  with  defective  developmentorabswiceof 
some  other  part  of  the  body. 

'  Under  this  subdivision  the  condition  known  as  hyilrorrliiteliia  eJ-lernn  may  be  con- 
veniently alluded  to,  which  consists  in  an  abnormal  congenital  accumiihition  of  fluid 
between  the  meninges  of  the  conl,  causing  more  or  less  diminution  in  the  volume  of  tbe 
latter. 
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8.  Asymmetry  of  the  conl  with  congenital  directs  of  ihc  extremities  or  musclca. 
ailcb  as  lntra-ul«rine  or  other  amputations.  ctuUfiwt.  I'tc. 

4.  Varifltiomi  in  the  volume  of  tlie  cord  as  a  wliole. 

False  Heterotopia. —Congenital  displacement  of  the  gray  or  white  nutter  of  tlie 
spinal  cord — luUrotopia — baa  bvcn  frequently  described.  Van  Qieson'  bas  shown,  bow- 
ever,  tbat  in  a  large  proportion  of  caws  llie  so-called  beteroto|iiB  la  an  artefact  (Fig. 
51B)  find  has  been  cause<l  by  bruises  or  careless  liandlitig  of  the  cord  during  its  removal 
from  the  boily  or  in  llie  process  of  exaniination  or  banleuing. 

SrtNA  BiKiUA. — Iti  the  majority  of  cases  hydrorrbachis  is  accompanied  by  a  more  or 
less  complete  lack  of  closure  of  the  spinal  c&ual  posteriorly,  so  that  the  collectinus  of 
fluid  within  inoy  |M)Ucb  outward  through  tlic 
opening  in  the  form  of  a  sac.  The  sac  may 
Iw  covered  by  skin,  or  this  may  Ije  al>sent, 
either  from  the  Ivginning  or  as  a  result  of 
thinning  and  rupture.  The  walls  of  the  sac 
may  consist  of  tlie  <liira  mater  and  the  pia 
mater,  or,  in  cases  of  hydrorrhachls  externa, 
of  the  dura  mater  alone ;  when  both  arc  pres- 
ent they  arc  usually  more  or  less  fused  to- 
gether. Inside  of  the  membranes  of  the  sac 
there  may  be  a  shell  of  distended  nerve  tis- 
sue of  the  cord:  or  the  spinal  cord  maybe 
split  posteriorly  and  the  sides  crowded  side- 
ways; or  there  may  be  a  rudimentary  frag- 
ment of  the  ccinl  suHpendcd  In  the  sac  or  at- 
tached to  the  walls;  or  the  cord  niay  lie  but 
little  clianged  aiul  remain  inside  the  spinal         Sl»*"nK  BnlBcisl  dtaplwenwrn  o(  uie  axw- 

,      _,,  ,        ,    ..         •     ,  ,  turrtby  an  Mperlmeiiwl  brul»e  I   lalsp  liHem- 

canal.     The  openings  in  Ihc  epmal  canal  may      ^^^  -,  ^^^^  t^e  removsi  ot  He  cort  trum  ibr 
be  due  to  the  complete  or  pariial  at)seucc  of      body.    (vuiGinon.i 
the  vertebral  arches,  oi'  more  rarely  the  sac 

may  protrude  through  openings  between  the  completely  formed  arches.  Spina  bifida 
most  frequently  occurs  in  the  lumbar  and  sacral  regions,  but  It  may  occur  in  the  ilur- 
sal  or  cervical  regions,  or  the  canal  may  be  open  over  its  entire  length.  Very  rarely 
It  is  open  on  tile  anterior  surface.  Tlie  proiniding  sac  may  be  very  small  or  as  large 
lis  n  child's  bead.  The  fluid  in  the  sac  is  usually  clear,  but  may  be  turbid  from  floc-culi 
of  degenerated  nerve  tissue. 

HTJURIES  OF  THE  BBAIH. 

The  brain  may  be  dii-ectly  wounded  by  a  foreign  body,  or  iudireelly 
by  fragments  of  bone  driven  into  it,  or  it  may  be  lacerated  by  nevere 
contusion  without  fntcture  or  solution  of  continuity  of  the  skull.  It 
is  very  diflictilt  to  estimate  the  degre*  of  iujury  which  must  cause 
death,  since  some  i>ers<iiis  die  from  alight,  and  others  recover  from  very 
severe,  wonnds  of  the  bmin.  In  incised  wounds  of  the  brain  more  or 
le.ss  htemorrhnge  occurs  at  the  seat  of  lesion,  and  the  brain  tissue  in  the 
vicinity  soon  undergoe,s  degenerative  changea  These  may  be  coui|mra- 
tively  slight  or  extensive.  Inflammatorj'  reaction  may  occur  iu  the  vi- 
cinity, and  the  adjacent  brain  tissue,  as  well  as  the  hsemorrhagic  and  de- 
generated area,  may  become  infiltrated  with  pus  cells.  After  a  time  the 
injured  and  degenerate<l  area  may  become  surrounded  by  new-formed 
connective  tissue,  and  the  decomposed  extra\asated  blood  and  detritus 
1  Tuft  Gie»on.  New  York  Medical  Journal,  vol.  Ivi„  pp.  387,  865.  431,  18»a. 
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of  brain  tissoe,  mofe  or  less  fatty,  may  be  absorbed.  In  this  way  the 
part  heals,  leaving  a  more  or  less  pigmented  cicatrix.  The  healing  is  iu 
most  Ciises  very  slow  and  may  occupy  mouths  or  even  years.  The  ]»ia 
mat«r  may  i)artieii)ate  to  a  markecl  degi-ee  in  the  inflammatory  healing 
process.     Abscesses  may  form  near  the  seat  of  injury. 

After  wounds  which  involve  the  removal  of  portions  of  the  cranial 
bones,  it  is  not  uncommon  after  a  few  days  to  see  a  bleediug  fungous 
mass  project  through  the  opening.  This  mass,  sometimes  wrongly  called 
hernia  cerebri,  consists  of  degenerated  brain  tissue,  blood,  and  granula- 
tion tissue,  with  more  or  less  pus.  The  brain  tissue  l>e]ow  it  is  degener- 
ated, soft,  broken  down,  and  purulent,  and  thei-e  is  often  abscess  in  the 
adjacent  brain  tissue.  Such  wounds  may  finally  heal  by  the  absorption 
of  the  broken-down  brain  tissue  and  blood,  and  its  substitution  by  grau- 
ulatiou  tissue. 

Lacerations  of  the  brain  tissue  without  fractui-e  may  appear  shortly 
after  the  injury  as  simple  more  or  less  circumscribed  areas  of  capillary 
htemorrhage;  the  brain  tissue  about  these  may  degenerate,  pus  nmy 
form,  and  abscesses  be  developed;  or  the  degenerated  and  lacerated  tis- 
sue may  be  gradually  replaced  by  granulation  tissue  which  finally  forms 
a  cicatrix.  The  process  of  degeneration  and  softening  and  of  healiijg 
in  such  lacerations  of  bmin  tis.sue  may  occur  vei'y  slowly  indeed,  even 
occupying  years,  and  not  infrequently  the  degenerative  changes  are  \-ery 
extensive  and  prc^ressive.  In  many  cases,  of  course,  the  injurj'  is  so 
extensive,  or  involves  such  important  parts  of  the  organ,  that  very  little 
or  no  inflammatory  or  degenerative  change  takes  place  before  death. 

TS3VS.TE8   OF   THE  CORD. 

The  spinal  cord  may  be  compressed  or  lacei-ated  by  penetrating 
wounds,  by  fracture  oi'  dislocation  of  the  I'ertebrte,  or  by  concussion 
without  injury  to  the  vertebra.  The  spinal  eoi-d  is  found  simply  disin- 
tegrated, or  thei"e  may  be  much  haemorrhage  and  the  disintegrated  nerve 
tissue  be  mixed  with  blood.  If  life  continue,  the  nerve  elements  may 
degenerate ;  Gluge's  corpuscles  and  free  fat  droplets  may  form ;  blood 
pigments  may  be  fonned;  and  when  inflammation  su[)ervenes  more  or 
less  pus  may  \ie  iutermingled  with  the  degeneiafed  nmterial.  There  may 
be  marked  changes  in  the  minute  structure  of  the  cord,  without  any 
change  being  evident  to  the  naked  eye. 

INJUBIBS   OF  THE  NEBVES. 

The  secondary  effects  of  injuries  to  nerves  are  desorit>ed  in  the  sec- 
tion on  degenerations  following  injury.  After  amputation  of  a  limb, 
there  often  occur  swellings  of  the  peripheral  ends  of  the  divided  nerve 
trunks.  These  bulbous  ends  are  called  false  or  amputation  ueui'omata. 
They  are  made  up  almost  entirely  of  fibrous  tissue,  although  uerve  fibi-es 
have  been  found  iu  them. 
60 
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BTFEBTaoPHT  AND  ATBOPHT  OF  THS  BRAIN. 

Trne  H7]>ertrophy  of  tbe  braiu  is  rare,  aud  probably  alvays  congeiii- 
tal.  Au  iiici-ease  in  tbe  size  of  tbe  braiu  from  the  proliferatioa  of  tbe 
ueuroglia  sometimes  occurs  iu  cbildreu  eitber  before  or  after  birth,  less 
frequently  in  youtb,  aud  very  seldom  iu  adults.  The  wbite  substauce  of 
the  hemispheres  is  iucreased  iu  amount.  If  it  take  place  before  the  ossi- 
ficatiou  of  the  cranium,  tbe  boues  are  separated  at  the  sutures  ajid  fon- 


yiQ.  &16.— *TROPBV  or  A  CmCrMSCWBMI  POMION  Ol'  BRAIN  CONVOICTIONS  IS  A  CFI1LD. 
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tauels;  if  after  this,  the  inner  table  of  the  skull  may  be  eroded  and 
thiuucd.  When  tbe  cniuium  is  opened  the  dum  mater  appears  tense  and 
auieuiic,  tbe  convolutions  of  tbe  bniin  are  flattened,  tbe  brain  sulwtanee 
is  firm  and  auieniic,  the  ventricles  are  small,  the  ganglia  aud  cerebellum 
are  either  of  nonual  size  or  compressed. 

Tbe  disease  is  usually  veiy  chronic,  and  destroys  life  with  s,^-nlptoms 
of  compression  of  tbe  brain.  There  may,  however,  he  a«ute  exacerba- 
tions. 

Atrophy. — This  may  occur  as  a  senile  change,  or,  in  adults,  in  chronic 
alcohol,  opium,  or  leiul  poisoning,  in  chronic  insanity,  and  iu  chronic 
meningitis  or  from  local  intprference  with  tbe  circulation.  In  children 
who  are  inncb  reduced  by  chronic  disi^ases  atrophy  of  the  braiu  may  ac- 
company atrophy  of  the  rest  of  the  body. 
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Tlie  atrophy  affects  principally  tiie  cerebral  bemispberes,  and  may  be 
aniform  or  more  marked  iu  some  parts  tbau  in  otbers,  iuvolviug  the 
whole  of  a  hemisphere  or  of  a  lobe  or  only  single  convolutions  or  groups 
of  these  (Fig.  516).  The  convolutions  are  small,  the  sulci  broad,  the 
ventricles  usually  dilated,  the  brain  tissue  is  firm,  the  gray  matter  discol- 
ored, the  white  substance  grayish  in  color;  the  blood-vessels  may  be 
dilated.  The  basal  ganglia  may  be  small.  Serum  accumulates  iu  the 
pia  mater  and  in  the  ventricles;  the  pia  mater,  and  often  the  skull,  be- 
come thickened ;  the  brain  tissue  may  be  (edematous  or  contain  small 
haemorrhages.  The  uerve  elements  of  the  brain  tissue  are  those  most 
involved  iu  the  ati'ophy,  the  diminished  areas  being  usually  harder  and 
firmer  than  normal. 


PiaHSHTATION  OF  THE  BRAIN. 

This  may  occur  in  any  portion  of  the  brain  or  its  meninges  from  the 
decomposition  of  extravaeated  blood.  In  persons  affected  by  malaria 
the  gray  matter  of  the  brain  has  sometimes  a  dark  or  even  blackish  ap- 
pearance. This  color  is  due  to  the  presence  of  black  pigment  granules 
within  the  capillary  blood-vessels.  The  obstruction  to  the  vessels  by 
ma;s.'<es  of  these  pigment  granules  may  cause  capillary  apoplexies.  Tlie 
pigment  may  also  be  found  in  the  walls  and  in  the  Itimiua  of  the  vesisels 
of  tbe  pia  mater. 

Pigment  patches  of  congenital  origin  are  not  infrequently  seen  in  the 
pia  mater.  They  may  be  due  to  the  presence  of  bmuching  pigmented 
cells. 


Anatomical  ConsideratioiiB. 

Id  stuilying  the  circulalory  changes  io  the  brain  and  cord  certain  peculiarities  in 
that  circulation  sliould  lie  borne  in  mind.  The  vessels  which  nourish  the  braiti  arise 
from  a  remarkable  anastomosis  of  largo  arterial  tninlis  at  its  base,  known  as  the  circle 
of  Willis  (see  diagram  Kg.  517).  From  this  "circle  "  pass  off  to  each  hemispherii  three 
main  branches — the  anterior,  the  middle,  and  the  jMwt^rior  cerebral.  These  arteries 
ramify  in  the  pia.  wiierc  they  anastomose  freely.  From  this  anastomosis  small  branches 
are  given  off  which  penetrate  the  liraln  su)istance.  the  sliorter  breaking  up  into  capil- 
laries in  the  gray  matter,  tlie  longer  passing  to  the  underiying  wiiitc  matter.  After 
entering  the  cortex  there  is  no  further  anoslomosis,  the  capillaries  of  a  cortical  artery 
passing  directly  over  Into  a  venotis  system  of  capillaries  without  conimunicating  with 
capillaries  of  other  arteries.  Tlicy  are  thus  "  terminal  arteries."  In  addition  to  these 
arteries,  which  supply  the  hemiapheres,  branches  from  the  circle  of  Willis  arc  distrib- 
uted  lo  the  basal  ganglia,  Tliese  arteries  arc  much  larger  than  those  which  pa.ss  from 
the  pia  into  the  cortex,  and  beyond  the  circle  of  Willis  do  not  form  anastomoses  with 
one  another.  Tlius  it  is  that  occlusions  of  the  arteries  supplying  the  basal  ganglia  are 
much  more  serious,  aside  from  the  importance  of  tlic  parts  involved,  tlian  of  those  pass- 
ing to  the  cortex. 

Three  main  arteries  fnmish  bloo<l  to  the  cord:  the  anterior  spinal,  lying  along  the 
Opening  of  the  antcriormedian  Assure,  and  two  posterior  spinal,  lying  near  the  ei 
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of  the  p(«l«rior  roots.  Braocliea  of  these  arteries  anastomose  in  Ihe  pia,  and  from  tills 
pis)  network  branches  pass  directly  into  the  substance  ot  the  cord.  The  largest,  a 
branch  of  the  anterior  spinal,  passes  into  the  pia  of  the  ant^srior  fissure,  and  penetrating 
the  cord,  is  distributed  to  the  gny  matter  of  the  anterior  horn,  and  to  the  median  gray 
matter  as  far  back  as  Clarke's  column.  Smaller  arteries  from  the  posterior  spinal  supply 
the  posterior  regions  of  the  cord.  These  arteries,  like  these  in  the  brain,  arc  terminal 
in  the  sense  that,  while  anastomosing  freely  in  the  pia.  after  penetrating  the  substance 
of  the  cord  there  are  no  further  anastomoses. 


HYPER^ftllA   AND   AHMMIA. 

The  appearance  of  the  braiu  tissue  after  death  does  not  always  fur- 
nish reliable  iudieatious  of  its  blood  eoiitents  during  life,  though  it  i.s 
perhaps  more  to  be  depended  on  tbau  the  ap- 
pearance of  the  meninges. 

Some  of  the  more  commou  conditions  detec- 
miuing  hifpercenm  which  are  mentioued  above  :is 
influencing  the  meniuges  apply  also  to  the  sub- 
stance of  the  brain. 

Active  hypersmia  may  occur  in  various  in- 
flammatory conditions  of  the  brain.  Hypertemia 
of  the  brain  18  quite  commou  in  deaths  from  iu- 
Bolation  and  after  conditions  accompanied  by 
acute  delirium.  Pauive  hypersemia  nniy  occiu* 
in  conditions  similar  to  those  which  determine 
congestions  in  other  orgaus  of  the  body,  such  as 
chronic  diseases  of  the  heart  or  lungs.  It  may 
be  induced  by  anything  which  prevents  venous 
return,  such  as  intracranial  tumors  which  com- 
press the  sinuses,  or  by  thrombosis. 

In  sections  of  hypersemic  brains  the  small 
blood  points  from  the  cut  ends  of  small  vessels 
are  more  numerous  aud  conspicuous  than  under 
normal  conditions,  and  the  brain  tissue,  partic- 
ularly the  gray  matter,  may  ha\'e  a  diffuse  red 
color.  If  excessive,  the  con\ohitions  may  be 
somewhat  flattened,  the  brain  tissue  and  pia 
mater  may  be  cedematous,  and  the  ventricles  contain  fluid.  The  conges- 
tion of  the  vessels  may  be  general  or  localized. 

The  most  constant  lesion  of  what  is  known  as  caisson  disease,  a  con- 
dition resulting  from  exposure  to  sudden  changes  in  atmospheric  press- 
ure, is  a  congestion  of  the  brain,  cord,  and  meninges.  Areas  of  soften- 
ing in  the  brain  and  cord  are  not  infrequent  and  there  may  be  effusion 
into  the  meninges. 

Anfflmia  of  the  brain  may  be  either  local  or  general.  It  may  depend 
upon  a  general  amemia  or  upon  general  disturbances  of  the  circulation, 
Bueh  as  mitral  stenosis  or  regiii^itation ;  or  upon  local  interference  with 
the  arterial  blood  supply,  such  as  complete  or  partial  obstruction  of  the 
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arteries  from  thrombi,  emboli,  iuflaminatory  changes,  spasmodic  contrac* 
tious,  et«.,  or  from  tumors,  exudations,  aud  blood  extravasations  press- 
ing upon  the  vessels  from  without.  In  (edema  of  the  meninges,  and  iu 
the  presence  of  internal  hydrocephalus,  the  brain  tiasae  is  apt  to  be 
antemic.  The  brain  tissue  iu  auiemia  looks  whiter  tbau  osiial,  the  con- 
trast between  the  gray  and  the  white  matter  is  less  marked,  and  tlie 
small  blood  points  usually  seen  on  section  from  divided  vessels  may  be 
very  inconspicuous  or  almost  entirely  absent. 


(Edema. 

<Edema  of  the  brain  tissue  may  accompany  either  general  or  local- 
ized hyperffimia,  or  it  may  accompany  ansemia,  aud  it  seems  in  most  cases, 
ihough  not  always,  to  be  dependent  upon  couditious  which  induce  these 
alterations  in  the  blood  contents  of  the  brain.  It  is,  perhaps,  most  com- 
mon iu  conditions  which  determine  a  passive  hypertemia.  In  some  cases 
of  marked  impoverishment  of  the  blood  a  so-called  hydrwmic  tedema  of 
the  brain  is  found. 

Iu  oedema  the  brain  tissue  appears  unusually  wet  and  shiny.  The 
same  underlying  condition  is  apt  to  determine  an  exudation  into  the 
membranes  and  ^■entricleB.  There  is  usually  considerable  distention  of 
the  perivascular  lymph-spa«es. 

Marked  oedema  of  the  brain  may  exist  without  brain  symptoms.  On 
the  other  hand,  persons  may  die  comatose  with  no  other  gross  lesiou  than 
<Bdema,  either  with  or  without  oedema  of  the  pia  matei'.  This  is  seen 
with  eKpecial  frequency  in  acute  aud  chronic  alcohol  poisoning,  but  may 
occur  under  other  conditions.  A  careful  microscopical  examination  of 
the  brain  under  these  conditious  will  frequently  reveal  structural  lesions 
of  more  serious  import  than  the  cedema. 

Under  the  designation  of  "serous  apoplexy,"  cedema  of  the  brain  was 
formerly  considered  of  importance,  in  the  absence  of  other  lesions,  as  a 
cause  of  death.  But  increased  knowledge  has  led  to  the  general  belief 
that  simple  cerebral  oedema  as  an  independent  condition  has  not  the  sig- 
nificance formerly  ascribed  to  it,  and  it  should  be  accepted,  if  e^'er,  with 
great  reserve  as  a  cause  of  death. 


H.EMORRUAGB. 

Hesmorrhagea  in  the  Bubatance  of  the  brain  may  be  very  small  and  punc- 
tate, and  are  then  usually  called  <Yrp(7?flrjA(Rnorrft«jc»;  or  they  may  re- 
sult in  the  collection  in  the  brain  tissue  of  masses  of  blood  of  consider- 
able size,  which  are  called  apt^ecfie  foci  or  clots.  These  forms  of 
hiemorrhages  may  be  associated,  or  a  number  of  capillary  htemorrhages 
may  join  to  form  an  extensive  clot. 

Capillary  hrnnorrbageK  may  appear,  on  section  of  the  brain,  like  the 
severed  ends  of  hyperiemic  blood-vessels,  or  the  tissue  about  them  may 
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be  more  or  less  tinged  with  blood.  Microscopically,  the  perivascular 
spaces  are  disteuded  with  blood,  which  may  have  escaiied  into  them; 
this  isassociated  with  more  or  less  broken-down  brain  tissue.  Th*'  hieiii- 
orrliages  may  be  siugle,  but  are  frequently  multiple,  so  that  tbe  bmin 
tissue  is  besprinkled  with  blood  points.  Degeijeratiou  of  the  extrava- 
sated  blood  may  give  rise  in  latei-  st^es  to  reddish  or  brown  or  yellowish 
circumscribed  discoloration  of  the  brain  tissue,  due  to  granules  and  crj-s- 
tals  of  blood  pigment  intermingled  with  broken-down  brain  tissue,  with 
more  or  less  fatty  degeneration  of  its  elements.  Capillary  hsFmorrhages 
may  be  due  to  fatty  degeneration  of  the  vessels  leading  to  rupture;  or 
the  extravasation  may  be  due  to  diapedesis,  or  it  may  depend  upon  con- 
ditions which  we  do  not  understand.  They  frequently  occiir  in  the 
vicinity  of  apoplectic  clots  and  tumors,  they  may  be  due  to  thromlx^is 
of  the  veins  or  of  the  sinuses  of  the  dura  mater;  they  not  infrequently 
occur  in  acute  enc«phalitis,  in  congestive  hyj>enetnia,  in  acute  mania, 
and  in  delirium  tremens;  and  they  may  be  associated  with  general  dis- 
eases, such  as  scu^^■y,  purpura  hfemorrhagica,  typhus  fe\'er,  pyeeniia. 
ulcerative  endocarditis,  etc. ;  they  maj'  be  associated  with  embolic  soft- 
ening. 

Apopleciic/oci  may  result  from  the  coalescence  of  numerous  capillary 
bferaorrhages ;  from  injurj-,  or  from  rupture  of  diseased  arteries,  either 
with  or  without  changes  in  the  blood  pressure.  Ha-morrhages  from  in- 
jurj' to  the  skull  may  occur  as  well  without  as  with  fracture,  aud  may  be 
situated  over  the  vertex  as  well  as  at  the  base  of  the  brain,  and  vary  in 
extent  and  seat,  depending  upon  the  character  and  point  of  the  iujui^- 
and  the  size  of  the  vessels  in\'olved.  The  so-called  spontaueous  hfeuior- 
rhages,  other  than  those  of  capillarj'  origin,  which  give  rise  to  masses  of 
blood  and  broken-down  brain  tissue,  may  varj'  in  size  from  that  of  a  pea 
to  those  occupying  a  large  part  of  a  hemisphere.  They  are  due,  in  a 
very  considerable  proportion  of  cases,  to  the  rupture  of  small  arterial 
aneurisms,  but  may  arise  from  weakening  of  the  walls  of  the  arteries, 
from  arteritis,  atheroma,  or  fatly  degeneration.  These  latter  forms  of 
lesions  doubtless  give  rise  in  most  eases  to  the  formation  of  the  aneurisms 
whose  niptnre  is  in  so  many  cases  the  immediate  cause  of  the  hemor- 
rhage. 

Aneurisms  of  the  cerebral  arteries  may  be  as  lai^  as  a  pea  or 
hazelnut,  but  those  most  frequently  met  with  and  causing  apoplexy  are 
usually  small — called  miliary  aneurisms — and  may  be  microscopic  in 
size,  varj'ing  from  this  up  to  that  of  a  lai^  pin's  head  or  larger.  They 
may  be  sacculate  or  fusiform,  and  frequently  exist  in  considerable  nnin- 
bers.  They  may  occur  in  any  of  the  small  arteries  of  the  brain,  but  are 
said  to  be  most  frequent  on  the  branches  of  the  middle  cerebral  arterj'. 
It  is  asserted  that  the  bursting  of  miliary  aneurisms  is  the  nearly  if  not 
quite  exclusive  cause  of  the  formation  of  spontaneous  apoplectic  clots, 
but  this  we  do  not  belie^■e  to  be  true. 

As  to  the  immediate  cause  of  rupture,  either  of  aneurisms  or  other- 
wise diseased  blood-vessels  in  the  brain,  we  are  in  many  cases  entirely 
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ignorant.  In  some  cases  it  seems  to  be  due  to  au  increased  arterial  ten- 
siou  in  such  diseases  of  the  heart  as  iuduce  this  change,  as  in  the  car- 
diac hypertrophy  which  may  accompany  some  forms  of  chronic  diffuse 
nephritis;  or  it  may  result  from  nnusual  exertiou  or  mental  excitement. 

The  most  frequent  seat  of  hsemorrhage  is  in  tlie  corpora  striata  and 
optic  thalami  (Fig.  618),  and  the  braiu  tissue  in  their  vicinity,  and  here 
they  occur  most  often  in  the  parts  supplied  by  the  branches  of  the  mid- 
dle cerebral  arterj'.  The  possibility  of  luemorrhage  iu  the  floor  of  the 
fourth  ventricle  should  be  borne  in  mind  in  investigating  cases  of  sud- 
den death  from  obscure  causes. 

Hiemorrhages  frequently  seriously  affect  other  portions  of  the  bmiii 
than  those  immediately  supplied  by  the  ruptured  vessels.  Thus  haemor- 
rhages in  the  cortical  substance  orbeneatli  the  pia  mater  may  force  their 
way  deep  into  the  lirain  substance;  or,  In  hieiuorrhage  in  the  braiu  sub- 
stance, the  blood  may  burst  into  the  ventricles  or  work  its  way  into  the 
intermeuingeal  space,  and,  either  at  the  seat  of  its  occurrence  or  in  the 
situations  into  whicli  it  is  forced,  may  give  rise  to  serious  compression 
of  the  brain.  Portions  of  the  braiu  t^ontainiug  large  extravasations  may 
be  enlarged,  the  tissue  ansemio  from  pressure,  the  convolutions  flattened, 
and  the  surface  dry.  As  the  blood  is  poured  out,  the  brain  tissue  is  usu- 
ally torn  and  lacerated,  so  that  the  apoplectic  clot  usually  consists  of 
detritus  of  brain  tissue  intermingled  with  blood.  If,  however,  the  blood 
is  poured  out  from  a  single  \essel,  the  lacerated  brain  tissue  may  be 
pressed  aside,  and  the  greater  portion  of  the  red  mass  may  consist  of 
pure  blood  clot. 

The  appearances  presented  by  hsemorrhages  iu  the  brain  vary  greatly, 
depending  upon  the  time  which  has  elapsed  since  their  occurrence.  If 
life  continue,  the  oedema  which  usually  soon  occurs  in  the  vicinity  of  the 
hiemorrhage  disappears  and  the  clot  becomes  drier  and  firmer;  gradually 
the  blood  undergoes  the  usual  series  of  changes  seen  in  extravasatiou ; 
the  hsemoglobin  decomposes,  formiug  granules  and  crystals  of  blood  pig- 
ment; the  blood  cells  and  fibriu  undergo  degeneration  and  absorption; 
the  detritus  of  brain  tissue  undergoes  fatty  degeneration.  As  these  al- 
terations occur  the  color  changes  to  I'eddish-bi-own,  orange,  or  yellow, 
and  the  adjacent  brain  tissue  may  be  discolored  by  imbibition. 

Inflammatory  reaction  may  occur  iu  the  vicinity,  leading  either  to  the 
formation  of  a  more  or  less  pigmented  cicatrix,  or  to  a  cyst  with  yellow- 
ish fluid  contents  and  a  fibrous,  more  or  less  pigmented  ii-all.  The  proc- 
ess of  degeneration  and  absorption  of  the  blood  and  broken-down  braiu 
tissue,  and  their  replacement  by  a  cyst  or  by  a  cicatrix,  is  a  slow  one, 
and  the  cj-sts  and  cicatrices  may  resemble  those  formed  at  the  seat  of 
embolic  softening.  Not  infrequently  we  find  in  the  brainof  a  person 
de;ul  from  recent  apoplexy  the  remains  of  old  clots  presenting  some  one 
of  the  above-described  stages  of  absorption.  The  apoplectic  cysts  and 
cicatrices  persist  for  a  long  time  after  their  formation. 

Secondary  degenerations  (see  page  809)  following  hferaorrhages  de- 
pend entirely  upon  the  cells  destroyed  or  the  fibre  tracts  interrupted. 


Digitized  byGoOgIC 


702  THE  NEEVOUS  SYSTEM. 

Most  common  are  degenerations  of  the  pyramidal  tracts  from  htemor- 
rha^;es  into  the  sensory -motor  region  of  the  cortex,  or  from  htemorrfaages 
into  the  internal  capsule  (leuticulo-striate  artery).  Haemorrhages  in- 
vohing  the  optic  centres  or  the  optic  fibres  lead  to  degeneration  in  the 
optic  tracts.     Hiemorrhages  into  other  portions  of  the  brain,  by  destroy- 


II 


ing  coniniissui-al  cells  or  interriipting  their  fibres,  lead  to  degeneration  of 
iutracnmiiil  fibre  tniols. 

Haemorrhage  in  the  Spinal  Cord  is  innch  less  frequent  than  in  the  braio, 
but  may  occur  either  as  cai>illai->'  apoplesy  or  as  lai^er  apoplectic  clots, 
Capillarj-  hiemorrhages,  similar  in  appearance  to  those  of  the  brain,  may 
occur  as  the  result  of  injury,  or  near  areas  of  softening  or  tumors,  or  may 
iwcompany  severe  convulsions,  as  in  tetanus.  Apoplectic  clots,  which 
are  comparatively  rare  in  the  spinal  cord,  are  usually  anall,  commonly 
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not  more  than  1  cm.  in  diameter,  and  are  similar  in  their  appearance, 
aud  iu  the  changes  subsequent  to  their  formation,  to  those  in  the  brain. 
They  are  usually  the  result  of  iujury;  but  may  occur  spontaneously. 
These  so-called  "spontaneous  htemorrhages "  are  undoubtedly  in  most 
eases  the  result  of  inflammation.  They  may  occur  in  any  a«ute  disease 
of  the  cord,  and  are  an  esi>ecially  frequent  complication  of  acute  myelitis. 
Hseniorrtu^e  into  the  eoi-d,  occurring  in  the  course  of  an  acute  infectious 
disease,  is  probably,  as  a  rule,  due  to  an  unrecognized  myelitis  or  acute 
degeneration.  Htemorrhages  in  the  couifse  of  a  chronic  myelitis  are  not 
common,  and  are  probably  due  to  a  softening  dependent  on  interference 
with  nutrition.  Hiemorrhages  into  the  cord  have  been  reported  in  syphi- 
litic myelitis,  iu  syringomyelia,  and  in  tumors  of  the  cord.  Gliomata 
especially  are  often  very  vascular,  and  their  thin-walled  vessels  are  sub- 
ject to  rupture.  Sometimes,  however,  hsemorrhagic  foci  are  found  in 
the  spinal  cord  without  traumatism  or  evidence  of  inflammatory  change, 
larger  htemorrhages  naturally  follow  the  lines  of  least  resistance,  and 
their  long  diameter  corresponds  to  that  of  the  cord.  To  such  columnar 
hemorrhages,  usually  traumatic  in  origin,  the  name  hwtnatomyelia  has 
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been  applied  (Fifr.  510),     The  term  is  being  now  more  properly  used  to 
cover  the  general  subject  of  hcemorrhage  into  the  spinal  cord. 

The  smaller  capillary  htemorrhages  may  be  entirely  absorbed.  They 
may,  on  the  other  hand,  form  microscopic  sclerotic  areas.  Tlie  larger 
biemorrhages  determine  a  considerable  destruction  of  tissue.  They  may 
be  absorbed  and  replaced  by  fibrous  tissue,  or  the  central  area  may  break 
down  into  a  fluid  or  semi-fluid  mass  of  blood  and  ti.ssue,  with  a  more  or 
less  definite  fibrous  wall  (Fig.  520).     To  these  columnar  cavities  or  canals 
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the  term  hwmatomyelopore  has  beeQ  applied  by  Van  Giesou.'  To  a  sinii 
lar  coDdition  in  vhich  proliferation  of  the  neuroglia  is  the  most  marked 
feature,  the  name  of  "false  or  secondary  syringomyelia"  has  been  given. 


Thbohbobib  and  Embolism. 

Thrombi  may  form  iu  the  arteries  as  a  result  of  any  degenerative  or 
inflammatory  pi'ocess  iu  their  walls  leading  to  a  roughening  or  death  of 
the  intinia,  or  from  pressure  from  without,  or  they  may  occur  iu  vessels 
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in  whose  walls  we  can  detect  no  primary  lesion.     The  most  eommou  " 
causes  are  atheroma  and  simple  endarteritis.     Thrombi  may  also  form 
around  an  embolus  which  does  not  entirely  occlude  the  ^■essel. 

Emboli  of  the  cerebral  arteries  most  commonly  arise  from  acute  or 
cJironic  endocarditis  or  cardiae  thrombi;  they  may  arise  from  aneurisms 
or  atheroitia  of  the  aorta,  from  the  carotid  or  vertebral  arteries,  or  from 
the  pulmonary  veins.  The  materials  constituting  emboli  varj-  greatly, 
deiiending  on  their  mode  of  origin  (see  page  76).  The  effects  on  the 
brain  tissue  of  emboli  and  thrombi  of  the  arteries  are  essentially  the  same 
in  their  main  features.  In  some  cases,  however,  in  which  large  emboli, 
usually  from  endocarditis,  suddenly  block  up  a  large  vessel,  the  individ- 
ual may  die  almost  instantly  without  other  apparent  lesion  than  the  stop- 
page of  the  vessel. 

I  Van  GiaioH,  " Hiemalomyelopore— a  New  8pinal-Cord  Disease,"  New  York  Poly 
clinic,  1887.  vol.  x..  ]>,  87. 
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lu  general,  the  first  efi'ect  of  the  ocelusioD  of  an  artery  is  to  deprive 
the  regiou  to  which  it  is  distributed  of  blood.  In  arteries  whose  branches 
anastomose,  the  afi^ected  area  is  soon  supplied  with  blood  by  the  estab- 
lishment of  a  collateral  circulation.  In  terminal  arteries,  on  the  other 
baud,  the  blo<!king  of  the  vessel  is  followed,  as  a  rule,  by  degenerative 
changes  and  softening  in  the  brain  tissue.  The  appearances  which  these 
degenerated  areas  present  vary  gi-eatly,  depending  upon  the  stage  of  the 
degeneration  and  the  amount  of  blood  which  may  be  extrnvasated.     Dense 


OOBPOB*    AMTLArEA  FBOM   BRAIN  TlS- 
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iufiltrations  of  the  brain  tissue  with  blood,  as  in  heemorrhagic  infarctions 
from  emboli  in  other  parts  of  the  body,  do  not  usually  occur,  although 
considerable  blood  may  be  extra^asated.  Areas  of  softening  in  which 
there  is  little  extravasation  of  blood  are  nsually  white  or  yellow  in  color, 
while  or  yellow  mftenhig.  >Vhen  nmeh  blood  is  pieseut  the  process  is 
frequently  called  ml  sufii-iiiii'j.  Yellow  softening  i.s  probably  often  only 
a  secondaiy  stage  of  the  red,  resulting  from  absorption  of  most  of  the 
pigment.  The  term  "white  softening"  is  often  used  interchangeably 
with  "yellow."  It  is  also  applied  to  that  condition  into  which  the  latter 
passes  after  more  complete  liquefaction,  and  after  fatty  changes  have 
taken  place.  Young  proliferating  neuroglia  tissue  <>fteu  gives  a  glisten- 
ing white  appearance  to  the  lesion. 

The  tissue  in  the  affected  area  gradually  softens  and  may  become  dif- 
fluent. Microscopically,  the  softened  tissue  is  seen  to  consist  of  more  or 
less  fluid  with  broken-down  brain  tissue,  fragments  of  nerve  fibres,  drop- 
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letA  of  myelin,  nerve  cells,  ahreds  of  neuroglia  tissue  aud  blood-ressels, 
and  red  and  white  blood  cells.  The  e^'idence  of  d^eneratiou  is  seen 
in  the  presence  of  fat  grauules  and  droplets,  larger  aud  smaller  cells 
densely  crowded  with  droplets  of  fat  (so-called  Gluge's  corpuscles  or  row- 
pound  granular  corpuscles).  Various  kinds  of  cells  and  cell  fragmenls, 
more  or  le-ss  granular  and  fatty,  and  also  corpora  amylacea,  blood  pig- 
ment, fat  ciystals,  and  cholesterin  crystals,  may  be  found  (Fig,  52IJ. 
The  walls  of  the  blood-vessels  may  also  be  iu  a  condition  of  fatty  degen- 
eration (Fig.  522).  The  color  of  the  softened  niaiM  will  of  course  depend 
upon  the  relative  amounts  of  these  elements. 

The  tiHKUe  may  remain  for  a  long  time  in  the  soft  condition,  or  it 
may  be  absorbe<l  and  replaced  by  a  connective-tissue  cicatrix  which 
may  be  more  or  less  pigmented;  or  a  wall  of  connective  tissue  may 
form  alwut  it,  converting  it  into  a  well-defined  cyst,  with  or  without 
pigmented  walls ;  or  the  msiss  may  dry  aiid  form  a  dense,  structureless 
uwUile.  Acute  intlanmiatory  changes  may  occur  about  the  dead  tisMie. 
In  cases  of  infectious  emboli  numerous  abscesses  may  be  formed  in  addi- 
tion to  their  mechanical  action. 

Thrombi  are  most  fi'eiiueut  in  the  internal  carotids,  less  so  in  the 
middle  cerebral,  basilar,  and  vertebrals.  They  may  occur,  but  still  less 
fre<)uently,  in  other  cerebral  arteries.  Emboli  are  most  common  in  the 
middle  cerebral  artery,  next  in  the  internal  carotid,  and  then  in  the  has- 
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lar.  The  relative  frequency  with  which  embolism  occurs  in  the  middle 
cerebral  artery  is  attributable  to  the  directness  with  which  the  bl"""' 
passes  into  this  artery  from  the  heart.  The  great  significance  attaching 
to  embolism  of  the  middle  eei'cbral  artery  is  evident  when  we  renieiiibef 
that  its  branches  within  the  brain  are  terminal  arteries,  and  are  dis- 
tributed to  such  important  stnictnres  as  the  lenticular  and  caudate  nuclei, 
the  internal  capsule,  and  the  optic  thalamus. 

Thrombosis  and  embolism  also  occur  in  the  v^sels  of  the  spinal  cord, 
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though  less  frequently  thau  in  those  of  the  brain.  Ab  in  the  brain,  when 
they  involve  terminal  arteries,  they  determine  areas  of  softening  and 
consequent  secondary  degeueratiouis. 


Lesions  of  the  Vessel  Walls  in  the  Bhain  and  Coed. 

The  mural  changes  in  the  vessels  are  not  peculiar  to  the  nervous  sys- 
tem :  the  most  frequent  is  that  known  as  atheroma  or  arterio-sclerosis. 
It  is  especially  common  in  the  system  of  arterial  trunks  which  make  up 
the  circle  of  Willis.  Fatty  degeueritiou  is  often  found  in  the  vessel 
walls  coincident  with  the  increase  in  the  connective-tissue  elements. 
Calcification  may  occur  and  may  be  so  extensive  that  the  whole  or  a 
greater  part  of  the  circle  of  Willis  is  converted  into  a  series  of  hard 
tubes  usually  somewhat  larger  thau  normal.  More  commonly  the  cal- 
careous areas  are  irregular  in  their  distribution,  giving  to  the  vessels  a 
uoduli^r  appearance.  Fatty  degeneration  may  also  occur,  though  more 
rarely,  as  an  independent  lesion.  It  affects  particularly  the  muscular 
coat.  Hyaline  degeneration  may  also  occur  eithei'  as  an  independent 
lesion,  which  is  quite  frequent  in  the  braius  of  idiots,  or  as  the  initial 
lesion  of  a  sclerosis. 


DEaENEKATION   AND    INFLAHHATION    IN    THE   BRAIN,    SPINAL 
COBB,   AND   NERVES. 

B«Tiew  of  Normal  Horphologr. 

WliiTe  the  scope  of  ihis  work  docs  not  worrant  a  detailed  description  of  tlic  mor- 
plKtlogJ'  of  t'lS  nervoua  system,'  our  appreciation  of  tlie  pathological  changes  to  which 
it  13  subject  is  so  dcpcadunt  upon  an  ftcciirale  knowledge  of  its  morpliology,  that, 
befiire  proceeding  further,  a  lirlcf  resumf  til  some  of  the  more  funclameotal  points  In  its 
structure  and  architeeture  cannot  wisely  be  omitted. 

Tlie  studies  of  Oolgj  and  of  his  successors  in  the  use  of  his  technique  have  led  to  the 
so-called  neurone  conception  of  nervous-sy stent  structure.  According  to  this  view,  llie 
neurone  represents  the  structural  unit  of  the  nervouasyetem.  The  neurone  is  the  nerve 
cell  with  all  its  prolongullons,  and  the  nervous  gyslem  in  Mo  Is  but  an  orderly  associa- 
tion of  an  immense  numlwr  of  these  neurone  units.  Although  ttiese  neurones  diffe; 
from  one  another  as  to  details  of  structure  they  still  present  an  essential  siniilsrity. 

The  neurone  is  llrst  distinguishable  as  a  small  round  cell  In  the  eplbloatic  lining  of 
the  embryonic  neural  canal.  Such  a  cell  is  entirely  devoid  of  processes.  It  soon. 
however,  becomes  pyriform.  and  from  the  tip  of  the  pear  grows  out  a  process,  which  is 
the  axls-cylindcv  process  or  axone,  Lat*r  other  processes  appear  as  outgrowths  of  the 
cell  body.  These  are  the  protopla-sniic  pr(>ocs.s<-s  or  denililtts.  Each  adult  ueurone 
then  consists  of  a  cell  body,  and  passing  off  from  this  cell  body  two  kinds  of  processes 
(Figs,  52it  and  034). 

The  Cell  Body. — Our  knowledge  of  the  internal  structure  of  the  nerve  cell  has  been 
greatly  increased  In  the  last  few  years  by  tlie  application  of  a  special  technique  devised 
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by  Ninl.'  Biibjccted  U)  lliis  lecLnique  nerve  cells  preseot  two  very  dUferrait  types  of 
reaction.  Certuin  cells.  bucIi.  for  example,  as  the  cells  of  the  granule  layers  of  the  cere- 
bellum and  of  1  hi?  olfactory  lobe,  Htain  only  as  to  tlieirnuclei.  the  cell  bodies  Uiemselves 
remaining  entirely  uuslained.  To  such  cells  Nisal  has  given  the  name  of  earyorhromet. 
It  Is  obvious  that  the  method  of  Nissl  gives  no  insight  into  the  structure  of  tliesc  cells. 
The  majority  of  nerve  cells,  however,  react  bolh 
as  to  iheir  nuclei  and  as  to  their  cell  bodies  to 
the  Xissl  stain.  Thesit  cells  NissI  designates  as 
tniHiifoehn/mai,  Kucli  a  cell  presents  the  follow- 
ing appearance  (Plate  XIII..  1).  There  is  a  nu- 
cleus identiciil  in  structure  with  nuclei  found  in 
other  cells.  It  is  bounded  by  a  nuclear  mem- 
brane and  traversed  liy  a  network  which  takes  a 
eomparaiively  light  blue  stain.  Within  the  nu- 
cleus Is  a  nucleolus  staining  an  int<'ns(.'  blue. 
In  the  cell  body  two  distinct  elemenla  appt-ar: 
a  dear  ground  sulistance,  unstained  i  and  scat- 
t4Ted  llirough  it  deep  blue  staining  musses, 
known  aa  chromofilnlic  buttiei.  These  cliromo- 
phillc  biKlies  are  granular,  and  difler  In  size, 
shatie,  and  arrangemeut.  These  differences 
have  served  as  a  IwhIs  (:f  cIhssIR cation.  Pre- 
8<'nling  variations  in  different  types  of  cells, 
their  appearance  In  a  given  type  remains  con- 
stant Most  investigators,  while  dilTfring  in 
ddnlls  agii'c  in  ascribing  to  the  unslainabic 
Hubslnncc  a  definite  structure.  This  structure 
IS  usually  described  as  composc<l  of  a  fllirillar  or 
reticular  network  lying  in  a  more  or  less  homo- 
g(  neous  giound  substance.  With  the  use  of  the 
onlinar\  teeliDitiue  of  NissI,  all  of  the  cell  body, 
excepting  the  chromophilic  bodies,  remains  un- 
stained and  apparently  structureless.  Our  ideas 
as  to  the  physiology  of  these  different  elements 
of  the  nerve  cell  rest  largely  upon  a  theoretical 
iMWis.  It  lias  been  shown  tliat  the  nerve  fell 
n'pn'senis  Ihe  geneiic  centre  of  the  neurone. 
Prom  the  l>eliavior  of  ihe  pmcesses,  when  cut 
ofl  from  the  nerve  cell,  it  is  evident  thai  the  cell 
body  rcpreseuls  the  nutritive  or  trophic  centre 
of  ihc  neurone.  It  sienis  probable  that  from  the 
standpoint  of  neurone  activity,  the  cell  bu<ly  r 
presents  the  functional  centre  of  the  neurou 
while  the  processi's  act  as  organs  of  receplion  < 
of  distribution.  Ceriain  facts,  such  as  the  entire 
absence  of  the  chromatic  sulistance  in  many 
nerve  cells,  in  the  axones  of  all  nerve  cells,  and 
Its  diminution  during  functional  acilviiy  and  i 
fatigue,  together  wilji  its  behavior  under  certain 
pathnlogicul  conditions,  lend  weight  to  the  view  that  the  Btainable  substance  of  Sisal 
represents  a  food  clement  of  the  cell.  The  achromatic  element,  on  the  other  band,  is 
continuous  with  the  Ubrilln  of  theaxone.  and  is  considered  by  most  investigators  as  repre- 
senting the  essential  nervous  mechanism  of  the  cell.  The  relation  of  the  Nissl  pictuK 
to  the  conditions  existing  in  the  protoplasm  of  the  living  cell  still  remains  an  unsolved 
problem.  The  importance  t)f  the  Nissl  method  from  the  standpoint  of  pathology  lies 
in  the  fact  that  when  snbject«d  to  a  given  technique,  a  given  type  of  nerve  cell  p  reseats 
'  iice  Nissl's  method  of  staining,  p.  888. 
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I  Ibe  same  appearance,  and  Uiat  tliis  appearance  furnisbea  a  norm  for  compariaon 
witb  cells  allowing  patLological  cLaogcfl  and 
which  have  been  siibjpcled  to  the  same  technique. 
Pigment. — In  addition  to  the  elements  alicudy 
described,  more  or  less  pigment  in  tlic  Bliape  of 
fine  brownish-yellow  granules  is  often  present  in 
nerve  cells.  It  is  not  found  in  cells  oF  the  new- 
born. It  increases  with  age.  and  in  old  age  often 
Alls  lip  a  large  part  of  the  cell  body. '  lis  siguiS- 
canco  is  not  known. 

The  praU^lasmic  pivce»ge»  OT  dendrites  are — at 
least  the  larger  trunks — of  the  same  structure  as 
the  cell  body  (Plate  XIII.,  1).  That  these  larger 
trunks  liave  functinus  similar  to  those  of  the  cell 
body  seems  probable  from  the  fact  that  the  anone 
not  infrequently  lakes  origin  from  a  Urge  dendri- 
tic trunk  instead  i>f  directly  from  the  body  of 
tlie  cell.  The  chromatic  substance  is  present  in 
the  dendrites,  as  elongated  rods  with  triangular 
masses  at  the  points  of  bifurcation.  The  aclirO' 
Tbe  abort  uooe  pawps  off  lo  itae  left  and  matlc  elements  are  apparently  of  the  same  cliarac- 
terralDBies  near  Its  1*11  of  orUOn.  ter  as  in  the  body  of  the  cell.     The  protoplasmic 

procc'sses  divide  dicliotomously.  becoming  rapidly 
smaller,  and  end  at  a  comparatively  short  distance  from  the  cell  body.'  Sialued  by  the 
mctjiod  of  Golgl,  the  dendrites  are  seen  to  be  covered  with  minute  projections  or 
"  gemmutes,"  often  ending  in  a  small  bulb.  These  proces-ses  arc  ccUiiilpetal  in  charac- 
ter, carrying  impulses  always  toward  the  cell. 

The  (uii-eylinde>'  proeess  or  a^eone — so-called  from  its  often  becoming  tlie  axis  ci  lin 
der  of  a  nerve  fibre — is  usually  single.  It  generally  arises  directly  from  the  bod}  of  the 
cell,  but  may  arise,  as  already  mentioned,  from  one  of  the  larger  protoplasmic  trunks 
It  is  dilTerentiatcd  from  the  dendrites  in  Nissl  preparations  by  always  taking  ongm 
from  an  area  in  the  cell  body  free  from  chromatic  substance,  and  by  Itciug  it>:elf  entirely 
achromatic  (Plate  XTII..  I):  In  Golgi  specimens,  it  is  recognized  by  its  straight  (ourse 
uniform  diameter,  and  smoutli  outline  (Fig.  523).  It  sends  ofT  few  brancliei  and  these 
at  riglil  angles  (collaterals).  This  a.tone  may  e.\tend  a  great  distance  from  the  cell 
bo<ly ;  for  example,  the  a.\ones  of  certain  motor  cells  of  the  spinal  conl  extend  to  the 
muNclcs  of  the  liands  or  feet.  Both  the  axone  proper  and  its  collaterals  end  in  terminal 
art)ori7.ations.  Their  conductivity  is  ccllulifugal' — that  is,  they  always  carry  impulses 
from  the  cell.  In  certain  cells  tlie  axis-cylinder  prc)ces.HC3  branch  rapidly  and  end  in 
tiie  gray  matter  in  the  vicinity  of  tiieir  cells  of  origin  (Pig,  534).  An  axone  may  pass 
from  its  cell  of  origin  to  its  termination  uncovered  by  any  slieatli.  Such  axones  are 
found  in  certain  portions  of  the  gray  matter.  An  axone  may  be  enveloped  only  by  a 
Ihin  membrane,  the  sheath  of  Schwann,  as,  e.ff.,  the  flbres  of  Remak  found  mainly  in 
the  sympathetic  system.  An  axone  may  be  surrounded  by  a  myelin  sliealh  alone,  as 
In  the  while  matter  of  the  brain  and  cord,  or  by  both  a  myelin  sheath  and  a  sbeatli  of 
Schwann,  as  in  the  fibres  of  the  periphcnd  nerves,  with  tlie  exception  of  the  olfactory 
nnd  optic. 

According  to  the  strict  neurone  conception  of  Dcrvous-system  structure,  each  neu- 
rone is  considered  a  complete  morphological,  and,  to  a  lesser  degree,  physiological, 
entity.  It  has  no  anatomical  connection  with  any  other  neurone.  Association  between 
neurones  takes  place  by  contact  or  contiguity,  and  never  by  continuity  of  their  proto- 
plasm. The  passage  of  an  Impulse  is  always  from  the  terminal  arborizations  of  axones 
or  Cdllalerals  to  the  dendrites  or  cell  body  of  tlie  other  neurone. 

The  validity  of  the  neurone  theory  lias  been  recently  called  iu  question  by  such 
prominent  neurologists  as  Held,  Apathy,  Bethe,  and  Nissl,'  on  the  ground  tliat  in  many 
cases  axones  pass  directly  into  tlie  protoplasm  of  another  neurone  and  that  the  neiiro- 
'  Exception,  peripheral  arm  of  spinal  ganglion  cell, 

'  For  a  critical  review  of  the  opinions  of  these  writers,  consult  the  last  edition  of 
Van  Ge'iueMtn'»  "  Anatomic  du  SystCme  Nerveux." 
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Explanation  of  Plate  XIII.' 

1.  NoRUAi.  Qanoi.ton  Cell.  I^rgc  motor  cell  from  anterinr  horn  of  hunian  sptnal 
cord,  sliou'iDg  the  nucleus  Id  iU  Dortnal  central  i>oaition  n-ith  its  nucleolus.  In  Ibe 
body  of  Hie  cell  ore  seen  tlie  chroniophilio  bnAks  nf  various  b1ih|)c«  and  sizei. 
Three  main  prctoplosmic  trunks  or  dendrites  pass  oB  from  the  upper  portion  of  iIk 
cell.  Id  these  the  cliromophilic  bodies  ore  rnl-gliaped.  Tlie  largest  pn>ce=s 
hranches  at  a  short  distance  from  the  cell.  To  the  left  is  seen  the  axone  or  i\K- 
cylinder  process  free  from  chromatic  substance,  as  is  also  that  portion  of  tho  cell 
rrr>m  which  it  lakes  origin  (axoue  hill). 

9.  Qanolios  Cei.l  from  the  Anterior  Hdkn  of  the  HtrXAN  Spinal  Cord  op  a 
C.tSK  OF  AiJTOHOi.ic  Nel'hitib.  Showing  eccentricity  of  the  nucleus  and  a  lurgf 
centrut  area  of  the  cell  IxnIv  free  from  chromatic  substance  (central  chromaiolynsi. 
with  an  arrangement  of  the  remaining  chromophilic  bodies  around  the  pcriplierj. 
(The  similarity  between  ilic  appearance  of  this  cell  and  the  one  shown  in  Fig.  d 
should  be  noted.) 

8.  Gakgmon'  Ckli,  fkom  the  Anterior  Horn  of  the  Spitiai.  Cord  op  a  RABBrr 
Inoculated  with  Kabic  Virus  and  Killed  Shortly  After  the  Onset  of 
Symptoms.  Sliowsan  eaily  stage  of  chromatolysis:  the  cliromophilic  bodies  lieing 
pale,  ragged,  and  vacuolated. 

4.  Qaniilion  Cell  from  the  Anterior  Horn  of  the  Spinal  Cord  of  a  Rabbit 
WHICH  Died  on  the  Ninth  Day  After  Isoillation  with  Raric  Vibi* 
Shows  e.ilremc  chromatolysis,  only  a  few  fine  granules  of  chromatic  subsiancf  rv- 
maiuing  at  the  periphery.  The  cell  is  swollen,  the  nucleus  has  disappenieil.  and 
the  cell  body  and  processes  are  slaiue<l  more  deeply  with  the  crythrosiu  IhHQ  i?  iIm 
case  in  normal  celts. 

6.  Normal  Oanolion  Cell  from  a  Human  Sfinal  Ganolion  of  the  Posteriok 
Hoot.  Showing  central  position  of  the  nucleus  and  the  concentric  urrangemeul  cf 
the  cliromophilic  txKlies. 

6.  Qanolion  Cell  from  the  Posterior  ^Aoot  Qanouon  of  a  Rasrit  Tbbee 

Weeks  After  Section  of  the  Sciatic  TIerve.  The  cell  shows  extreme  eccen 
trieity  of  the  nucleus  with  central  cliromatolyais  and  a  periplieral  arrangement  of 
the  remaining  chromophilic  Irnrlipij-  mnnnl  degeneration,  (There  also  remains  in 
tlie  central  portion  of  the  cell  some  chromatic  siilmtancc  in  the  sliape  of  fine  gninuin 
forming  an  irregular  n-iiculum,  Tlie  similarity  between  this  picture  and  i!:e  one 
sliown  in  Fig.  2  is  apparent.) 

7.  Portion  of  a  Piwterior  Root  Ganoijon  fkom   a  Case  of  Tahes  DorsaLIA 

Showing  degenemti<)n  in  the  ganglion  cells  with  increase  in  the  interstitial  conntc- 
tive  tissue, 

8.  Two  Pyramidai.  Cells  from  the  Normal  Human  Cerebral  Cortes.    While 

the  pyramidal  cells  in  tlie  human  cortex  vary  considerably  in  the  amount  of  cbn>- 
matic  sul)stance  wlii<'li  they  contain,  these  are  of  an  average  tyiie. 

9.  Two  Pyramidal  Cei.lk  of  the   Human  Ckrerral  Cortek   from  a  Case  or 

Eclampsia.    These  cells  sliow  marked  chromatolysis. 

I  In  I 
Nl!«l'smf._._       .  ... 
teat  aqueous  solution  of  eirtbrtfiln  is<v  p. 
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Qbrils  are  sumtlimcs  coutinuous  tlimugliout  a  Buries  of  Deiirooes.  Nissl  in  a  eriiWI 
review  u[)ou  tbe  pveseot  status  of  the  neurone  llii-ory  aiiDoUDcei  his  belief  that  tlie 
eiilire  neurone  concept  lias  l)cen  pruveil  fAllitciuus  ami  mual  tie  abaDdoiied. 

AilniitliDg  that  ihe  discovery  uf  anastoinoscB  l)etwe(.'ii  neurones  and  of  the  continu- 
ity of  tlic  neuroflbriln  must  be  accepted  as  invalidating  some  of  our  ideas  as  to  the  se|>- 
arutcueas  of  the  tieuroue  units,  it  can  still  hardly  bv  considcrc<l  as  overthrowing  the 
entire  neurone  theory.  Enibryologically,  morphologically,  and  physiologically  llie 
neurone  shows  a  marked  degree  of  individuality,  nnd  the  fact  tliat  neurones  sometimes, 
usually,  or  even  alwaj-s  anastomose,  no  more  warrants  the  giving  up  of  tlie  neurone  >ks 
essentially  a  unit,  than  did  the  discovery  of  tlie  fact  that  the  prutopliism  of  epilliclial 
cells  was  continuous  through  intercellular  *" bridges"  necessitate  the  giving  up  of  Ihe 
epilliclial  cell  as  the  structural  unit  of  epithelium. 

The  cell  bodies  of  neurones  are  grouped  mainly  in  the  gray  matter  of  the  brain  and 
cord,  in  tliu  ganglia  i:f  cranial,  spinal,  and  synipathetic  neivcs.  and  In  the  peripheral 
end  organs  of  i-crtiiin  of  the  nerves  nf  special  seuse.  Protoplasmic  processes  ramify 
mainly  within  the  gniy  matter,'  While  some  termioale  in  the  gray  matter  in  the  imme- 
diate vicinity  of  llieir  tells  of  origin,  it  is  the  axones  that  make  up  tlie  bulk  of  Ihe  white 
matter  of  the  brain,  cord,  and  ])eripheral  nerves. 

yeiiniffiiii. — In  addition  to  the  extensions  inward  of  the  pia  maler  and  the  connec- 
tive tissue  of  tlie  btood- vessels,  tliere  is  found  hi  both  gray  and  while  matter  a  tissue, 
probably  supportiv*;  in  function,  and  peculiar  to  the  nervous  system — ^thu  iieuvoglia. 
Like  llic  neurone,  It  originates  in  the  cplblastic  cells  lining  the  embryonic  neural  canal. 
These  cells,  at  first  morphologically  identical,  soon  {lilTereutiate  Into  neurobhtsis,  or 
future  neurones,  and  spongiolilasts.  or  future  neun>g1ia  cells.  In  the  adult  two  main 
types  of  neuroglia  cells  are  fimiid.  spider  cells  (Fig.  525),  with  spine-like,  Btraisht. 
unliranching  processes,  and  mossy  (Fig.  536)  cells  with  thick,  rough,  branching  arms. 
Tlie  fonner  are  found  chiefly  in  the  white  matter,  the  latter  in  the  gray  matter  in  con- 
nection with  blood-vessels.  As  in  the  case  of  the  nerve  cell,  the  processes  of  lliese  cells 
do  not  anastomose,  but  interlace,  forming  a  dense  feltwork.  By  a  special  stain,  Wei- 
gcrt  demonstrates  neuroglia  cell  nuclei  and  separate  fibrils.  It  seems  probable  that 
this  m('tho<l  fails  lo  sliow  the  bo<iy  of  the  cell,  while  staining  its  nuclei  and  the  fibrils 
which  pass  through  it. 

It  would  llius  ojipeor  that  the  architecture  of  the  central  nervous  system,  consid- 
ered as  an  organ,  is  analogous  lo  that  of  other  organs.  It  has  in  tlie  neurone  its  paren- 
chyma, and  this  pari'iicliyma  is  supporieil  and  hound  together  by  a  framework  oi  con- 
nective lisBiic.     The  essential  difference  lies  in  the  fact  that  in  the  neurone  is  Ihe  highest 


U.orphologicnl  differentiation  which  protoplasm  lias  attained,  and  represenling  chem- 
ically the  most  complex  molecules  knfiwfn.  In  Ihe  axone,  sometimes  a  metre  or  more 
in  length,  of  a  cell  of  microscopic  dimensions,  there  is  a  distribution  of  cell  protoplasm, 
■uch  as  occurs  in  no  other  tissue  or  organ.  The  neuroglia  also,  while  without  i|UeslioD 
ft  tis>!iie  supportive  in  function,  is  embryologioally  and  morphologically  ditfercnt  from 
Other  forms  of  connective  tissue. 

'  Exception,  peripheral  arm  of  spinal  ganglion  cell  r'^,-..".nl:r> 
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BEaENEBATIOH. 

Neurone  Begeneeation, 
Degenerath'e  cbanges  may  affect  the  entire  nenroDe  or  aoy  of  its 
parts.     Such  changes  may  result  from  direct  injury  to  some  part  of  the 
DeiirODe,  to  diniiuutiou  or  modification  of  its  nutritive  supply,  to  varioDs 
toxic  conditions,  etc. 

I.  ChangHintheHeuTone&omLuurytoOneof  ita  Part*.— (a)  Changes 
IN  THE  AxosE  Resulting  from  Separation  from  its  Cell  Body. 
— That  changes,  presumably  of  a  degeuera- 
tivo  character,  occur  in  the  peripheral  end 
of  a  nerve  when  its  connection  with  the  cen- 
tral ner\-ous  system  is  broken  has  long  been 
known.  This  degeneration  takes  place  as  well 
in  the  central  as  in  the  peripheral  nerv'ous 
system,  and  is  complete,  involving  everj'  por- 
tion of  the  axooe  distal  to  the  point  of  section. 
The  changes  are  not  progressive  from  the 
point  of  lesion,  but  occur  at  nearly  the  same 
time  in  all  parts  of  the  distal  stump.  The.se 
changes  consist  in  a  breaking  up  of  the 
medullary  sheath  into  segments  (Fig.   527), 

which  in  turn  disintegrate,  forming  varionsly  shaped  masses  of  myelin, 
among  which  may  be  seen  the  axis  cylinder,  the  whole  being  enclosed  by 
the  neurilemma.  The  method  of  Marchi  (see  page  837),  which  differen- 
tiates t>etween  fat  and  myelin,  shows  that  coincident  with  the  brvaking 
up  of  the  myelin  there  is  an  appearance  of  fat  droplets  (Fig.  528).  These 
fat  droplets  increase  in  number  pari  pagau  with  the  deci'ease  in  myelin, 
but  also  ultimately  disappear.  During  the  prepress  of  these  changes  in 
the  medullary  sheath,  the  axis  cylinder  at  fii^ 
segments  and  then  undergoes  dissolution.  The 
neurilemma,  on  the  other  hand,  appears  to 
take  no  part  in  the  degenerative  process.  On 
the  contrary,  it  and  its  nuclei  remain  intact  to 
take  part  later  in  regenerative  changes,  should 
these  occur.  If  there  is  no  reunion  of  the  sev- 
ered ends  of  the  axone,  the  peripheral  portion 
completely  disappears,  its  place  being  taken 
by  connective  tissue. 

(6)  Changes   in  Dendeites   Eesiltisg 
FROM  their  Separation  fhom  their  Cell 
"^"""  Bodies.— If  we  consider,  as  does  Van  Gehnoh- 

fen,'  that  the  peripheral  arm  of  the  spinal  ganglion  cell  is  a  protoplaanic 
process,  making  a  jihysiological  nithcr-than  a  moniholc^ical  differentia- 
tion, we  find  that  the  same  law  holds  gooil  for  dendrites  as  for  axonea 
'Van  Gchucliti-n.  "Analomicdu  Sj-sl£me  NtTVOUX  de  rHomme,"  p.  318. 
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when  separated  from  their  cell  bodies.  Thus  in  the  divided  peripheral 
nerve  those  fibres  which  are  the  processes  of  the  spinal  gauglion  cells 
undergo  the  same  degenerative  changes  as  do  the  fibres  which  are  proc- 
esses of  cells  of  the  anterior  horn.  Most  dendritic  procesBes  are,  how- 
ever, so  short  and  terminate  in  the  gray  matter  so  near  the  cells  from 
which  they  originate  that  experimental  separatiuu  of  the  process  from 
its  cell  body  is  impracticable.  In  view  of  the  fate  of  the  axone,  however, 
and  the  relation  of  the  dendrites  to  the  cell  body,  there  can  be  little 
doubt  that  as  complete  degeneration  follows  the  severance  of  a  proto- 
plasmic process  from  its  cell  of  origin  as  follows  in  the  case  of  the  axoue. 

(c)  Changes  in  the  Proximal  Stump  and  in  the  Cell  Body 
Resulting  from  Lesion  to  the  Axonk — The  fundamental  principle 
of  the  law  of  Waller  was  the  complete  degeneration  of  the  distal  portion 
of  the  divided  nerve,  while  the  proximal  stump  remained  intact.  Our 
present  conceptions,  however,  of  the  interdependence  of  the  different 
parts  of  the  neurone,  and  of  the  axone  as  the  outlet  for  neurone  energy, 
would  lead  us  to  expect  certain  changes  of  an  atrophic  nature  in  the 
proximal  stump  and  in  the  cell  lH>dy,  as  a  result  of  Bei>sration  from  its 
axone  and  consequent  inability  to  functionate.  That  such  changes  take 
place  recent  improvements  in  cytologieal  technique  have  enabled  us 
to  detemiioe.  The  method  of  Marchi  shows  that  degenerative  changes 
occur  not  only  in  the  distal,  but  in  the  proximal  end  of  the  divided 
nerve.  These  changes  take  place  more  slowly  than  in  the  distal  portion 
but  are  apparently  identical  in  character. 

In  the  body  of  the  cell  the  method  of  Nissl  demonstrates  marked 
changes  after  section  of  the  axone.  These  changes  may  be  observed 
within  twenty-four  hours  after  the  injury.  They  consist  in  a  diminu- 
tion in  the  chromatic  elements  of  the  cell,  chromatolysis.  This  is  most 
marked  in  the  central  poriion  (central  chromatolysis),  a  distinct  ring 
of  chromophilie  bodies  around  the  periphery  often  remaining.  The 
nucleus  usually  migrates  toward  the  periphery  and  may  even  bulge 
from  the  cell.  In  the  case  of  the  hypoglossal  neire  in  the  rabbit,  these 
changes  reach  their  maximum  in  from  two  to  three  weeks.  The  future 
of  some  of  these  cells  is  complete  degeneration.  Others  apparently  un- 
dei'go  regeneration.  The  intensity  of  the  reaction  of  the  nerve  cell  to 
Injury  to  its  axone  depends  upon  the  se\'erity  of  the  injury.  Thus  cut- 
ting the  nerve  is  followed  by  more  prompt  and  marked  changes  in  the 
ner\'e  cell  than  simple  compression,  while  pulling  out  the  nerve  roots  is 
followed  by  a  still  more  intense  reaction.  Again,  there  is  a  difference  in 
the  resisting-powers  of  diiferent  types  of  cells.  Thus  the  motor  cells  of 
the  anterior  horn  are  peculiarly  resistant  to  injury  to  their  axones,  as 
are  also  the  spinal  gauglion  cells  to  injury  to  their  central  processes. 
Again,  between  cells  of  the  same  type  there  are  marked  variations  in  re- 
sisting-powers. Thus  the  motor  cells  of  the  anterior  horn  are  much  more 
resistant  than  the  cells  of  the  motor  cranial  nuclei.' 
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(tl)  Changes  is  the  Cell  Body  feEsuLTiKO  from  Lbsioxs  to  its 
Dexorites. — In  the  study  of  the  effect  iipou  the  cell  body  of  a  lesiou 
di'priviiig  it  of  one  or  all  of  its  dendritic  processes,  we  meet  with  tLe 
SJime  experimental  obstacles  already  mentioued  in  couuectiou  with  chauges 
ill  the  dendrit<«.  It  is,  ag-.iin,  only  in  the  periphei-al  arm  of  the  spinal 
^uglion  cell  that  we  have  a  cellnlipetal  process  of  any  considerable 
length.  Sei^tioii  of  this  process  results  iu  changes  in  the  spinal  ^ii- 
glion  cell  quite  similar  in  character  to  the  so-called  "axonal"  degeucni- 
tioii  (Plate  XIII.,  ti).  If  we  consider  that  a  cell's  dendrites  probably 
furnish  its  most  important  avenue  for  the  reception  of  impulses,  it  follows 
that-  a  neuron©  may  be  thrown  as  completely  out  of  circuit,  as  it  were, 
by  injUT  to  its  dendrites  as  by  injury  to  its  axoue.  The  experiments 
of  Warrington'  are  interesting  in  this  connection.  He  attempted  tu 
bring  about  the  same  fuuctional  effect  as  would  result  from  section  of  a 
cell's  dendrites,  by  inhibiting  afferent  impulses.  Cutting  the  posterior 
roots,  he  noted  changes  in  the  cells  of  the  anterior  horn.  The  inference 
was  that  these  changes  were  induced  by  an  inhibition  of  the  customary 
normal  stimulation  by  means  of  the  afferent  impulses  reaching  the  cells 
through  their  dendritic  processes. 

H  Changet  in  the  HeTirone  from  Intoiference  with  ita  Hntrition. — Changes 
apparently  of  a  degenerative  character  have  been  described  iu  neurones 
aa  a  result  of  interfei-eucc  with  nutrition.  Thus  Brieger  and  Ehrlicb  ' 
found  that  by  temporarily  applying  a  ligature  to  the  at>dominal  aorta, 
they  induced  an  acute  necrosis  of  the  cells  of  the  lumbar  coitI. 
Later  experiments  of  a  similar  nature  followed  by  the  Marchi  staiuiii}; 
showed  that  the  degenerative  process  affected  not  only  the  cell  bodies, 
but  the  entire  neurone.  Similar  degenerative  changes  have  been  induced 
by  experimentally  prodnced  multiple  emboli,  cells  in  the  vicinity  of  the 
occluded  vessels  being  in  markeci  contrast  to  cells  from  regions  whose 
vessels  remained  patent.  Ewing '  describes  marked  degenerative  changes 
in  nerve  cells  as  a  result  of  anEcmia  consecutive  to  pressure  from  cere- 
bral hiemorrhage  and  to  thrombosis  of  the  basilar  artery.  Less  inarke<l 
changes  have  been  observed  in  esises  of  general  malnutrition  and  in  ae- 


nL  Effect!  of  Toxins  upon  Nenronea. — Changes  of  a  degenerative  char- 
acter oet^ur  in  neurones  as  a  result  of  the  action  of  toxins.  These  toxins 
may  be  introduced  isto  the  body  from  without,  for  example,  such  poi- 
sons as  alcohol,  arsenic,  lead,  strychnine,  etc. ;  they  may  he  elaborated 
within  the  body  as  the  result  of  faulty  metabolism,  for  example,  iu  urse- 
mia,  eclampsia,  etc.,  or  as  a  result  of  the  action  of  bacteria,  as  in  tetanus, 
rabies  (Plate  XIII.,  3,  4,  and  S),  diphtheria,  etc.,  or  of  the  Plasmodium 
jualariee.     The  efTects  of  these  poisons  upon  the  neurone  varj-  with  dif- 

'  Wiirringtim,  W.  B.,  "On  tlie  Structuwl  AtteratioQB  Id  Nerve  Cells."  Jour,  of 
Physiol.,  London,  vol.  xxiii.,  1898. 

'  Britger  u»d  Ekiiith,  "  Ueber  <lie  Aii^iachaltung  des  Lendenmarkgrnn."  Zeilschr. 
f.  klin.  Med.,  Berlin.  Bd.  vii..  Suppl..  IH8ri-4J4. 

'E'Hng,  J.,  "Studies  on  Gnngiion  Cells."    Areli.  of  Keur.  and  l^ychopath.,  vol. 
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fereot  poisons  and  in  different  types  of  neuroues.  The  effects  of  the 
same  poison  upon  a  given  type  of  neurone  also  vary  aceordiug  to  its 
rapidity  of  action,  whether  rapidly  fatal  or  extending  over  a  considerable 
period  of  time.  Again,  given  the  same  poison  and  the  same  time  of 
action,  not  all  neurones  even  of  the  same  type  show  an  equal  suscepti- 
bility. There  seem  to  be  marked  individual  differences  among  neurones 
of  the  same  type  as  regards  their  resisting  powers. 

These  changes  in  the  neurone  from  the  action  of  toxins  may  affect  one 
or  all  of  its  structural  elements,  and  vary  from  the  slightest  appi-eciable 
loss  of  staining  qualities  of  the  chromophilic  bodies  to  complete  destruc- 
tion of  the  neurone.  In  the  chromophilic  bodies  the  essential  change 
seems  to  be  a  decrease  in  the  amount  of  chromatic  substance,  chromatot- 
yait.  This  may  be  evidenced  merely  by  a  decreased  staining  intensity, 
the  chromatic  masses  appearing  abnormally  pale ;  the  bodies  may  have  a 
ragged  or  frayed-out  appearance  at  their  edges;  they  may  be  shrankeu, 
or,  retaining  their  normal  shape  and  size,  become  vacuolated  (Plate 
XIII.,  3) ;  they  may  completely  disintegrate,  giving  to  the  cell  a  diffuse 
granular  appearance ;  they  may  disappear,  leaving  the  cell  entirely  de\oid 
of  chromatic  substance.  The  chromatic  masses  in  the  dendrites  seem  in 
many  cases  to  be  more  resistant  or  less  exposed  than  are  those  in  the  body 
of  the  cell,  often  remaining  unchanged  at  a  time  when  the  latter  show  an 
advanced  degree  of  chromatolysis.  During  these  changes  in  the  eliro- 
matic  element  the  cy to- reticulum  may  remain  apparently  normal  or  it 
may  more  or  less  completely  disintegrate.  This  disintegration  usually 
marks  the  more  advanced  degenerative  changes  (Plate  XIII.,  4). 

In  the  truly  achromatic  element  of  the  cell  or  cytoplasm,  our  present 
methods  of  staining  fail  to  demonstrate  lesions.  Diffuse  staining  of  this 
biiseraeiit  substance  is  a  common  phenomenon  of  chromatolysis,  but  seems 
more  properly  referable  to  a  diffusion  of  the  fine  granules  resulting  from 
disintegration  of  the  chromatic  masses  than  to  any  change  in  the  cyto- 
plasm itself.  Disappearance  of  the  formed  elements  of  the  cell  often 
leaves  clear  holes  or  \acuoles  in  the  cell  body  or  gives  the  appearance  of 
cracks  or  fls.sures.  The  nucleus  may  remain  normal ;  it  may  swell  and 
its  contour  become  abnormally  distinct;  it  often  takesa  diffuse  stain; 
later  it  shrinks,  becomes  erenated,  its  reticulum  and  limiting  membrane 
break  up  and  its  outline  is  lost.  During  these  nuclear  changes  the  nu- 
cleolus may  also  disintegrate.  It  is  often  extremely  resistant,  remaiuing 
apparently  unchanged  after  most  of  the  other  parts  of  the  cell  have  be- 
come niirecogniziible.  Concurrent  with  these  changes  in  internal  struc- 
ture are  changes  in  tlie  sliaf*  and  size  of  the  cell.  Its  contour  becomes 
irregular,  and  its  e<lges  present  an  eroded  appearance;  the  cell  body 
shrinks  away  from  its  cell  space,  breaks  up,  and  ultimately  disappears. 
The  dendrites  undergo  alterations  similar  to  those  in  the  body  of  the  cell. 
They  shrink,  become  separated  from  the  cell  body,  and  finally  disinte- 
grate. 

That  part  of  the  neurone  which  shows  most  marked  evidences  of  its 
effect  is  not  necessarily  the  part  upon  which  tiie  poison  is  most  directly 
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acting.  Thus  a  toxiu  affecting  directly  the  cell  body  may  cause  the 
earliest  aud  most  p  1*011011  need  changes  far  out  in  its  dendritic  or  axoual 
procetwes,  i.e.,  iu  those  parts  uf  the  neurone  farthest  removed  from  the 
trophic  centre. 

To  the  action  of  a  specific  poison  certain  neurones  seem  less  resistant 
than  others.  Thus,  to  the  action  of  lead  those  neurones  governing  the 
extensor  muscles  of  the  wrist  seem  especially  susceptible.  The  cells  of 
the  motor  nucleus  of  the  trigeminus  seem  to  be  less  resistaut  than  other 
motor  cells  to  the  poLsou  of  tetanus.  Again,  the  frequency  with  wliieb 
tabes  dorsalis  is  associated  with  a  syphilitic  history  seems  to  indicate  a 
special  susceptibility  to  the  syphilitic  poison-on  the  part  of  the  peripheral 
sensory  neurone. 

Comparing  the  diangfs  Id  the  nerve  cell  fn  toxa'miiis  (Piute  XIII.,  8  and  4|  m  iih 
thost"  inJucwl  liy  lesions  lo  ils  axonc — uxonal  liegeueralion  (Plate  XIII..  «) — nx  uoit 
tliat  wbitu  in  thu  latter  theclironiatolyaiaiaci'Dtrai  in  character,  beginning  iD  the  n-jEi<>u 
of  the  aKouc  bill  and  duc'^iib,  In  the  former  the  changes  U'giD  at  tlie  periplu^rr.  !!,(.■ 
pni'tfon  of  tlie  i^cll  iu  tnoxt  direct  relation  to  tliu  surrounding  lympU.  In  axonul  tie- 
generation  tlie  nucieua  is  usually  erccntric.  In  toxicniia  it  usually  remains  cenintl.  itt 
least  until  the  process  of  depeneralicm  is  far  advanced.  While  tlila  distinct ioD  hoi il a 
gouil  in  general  and  while  the  phenomena  of  central  chromntotysis  and  ecceniriciiy  cif 
the  nucleus  regularly  follow  Injury  to  the  nxone.  we  are  not  yet  warranted  in  slating 
that  such  clianges  never  occur  except  afler  some  injury,  or  that  the  preaence  of  such 
ctiaiiKcs  In  the  cell  can  be  explained  only  on  the  basis  of  injury  to  ils  a\iB-cy|iad;r 
process. 

IT.  Effects  of  Fati^e  upon  Neurones. — Studies  upon  the  effect  of  fii- 
tigue  upon  the  neurone  have  been  made  in  animals  after  prolonged  urns 
CHlar  activity  and  after  electrical  stimulation.  \VTiile  the  results  are  n»>t 
iu  complete  accord,  there  seems  to  be  little  doubt  that  definite  morpho. 
logical  changes  occur  in  the  neurone  as  a  result  of  fatigue.  These  changes 
consist  in  a  decrease  iu  the  size  of  the  cell  body,  a  decrease  in  the  size  of 
the  nucleus,  often  with  distortion,  and  a  marked  decrease  in  the  amount 
of  clin)matic  substance  with  more  or  less  diffuse  staining  of  both  cell 
body  and  nucleus. 

It  s«'ems  not  at  all  imprulmlile  that  tliecliukal  pictures  presented  by  certain  psy- 
cliow'S  aud  neuroses  arc  the  cxpreasi<m  of  the  effects  upon  the  neurones  of  prulitngit) 
fatigue.  Certain  local  expressions  of  neurone  exhaustion,  as,  fiT  example,  writer's 
cramp,  may  possilily  alst)  be  placed  iu  the  same  categorj-. 

As  to  the  significance  of  those  changes  in  the  nerve  cell,  which  are  marked  by  dim- 
inution in  the  chromatic  substance  alone,  and  to  which  the  term  "chromatolysis"  has 
been  given,  there  is  n  considerable  dlderence  of  opinion.  Marinesco'  considers  them  uf 
the  natun'  of  degeneration.  Van  Oeliuchten*  is  inclined  to  look  upon  the  phenomenon 
as  eimservatlve  in  ctiaraeter.  a  means  by  wliich  the  neurone  assumes  a  condition  most 
advantageous  for  self-defence.  It  has  been  shown  that  even  an  extreme  degree  of 
chromatolysis  is  not  iucompatiblc  with  function,  Marlnesco  insists  that  so  long  as  tlie 
changes  are  ronflned  to  the  chromatic  sul>stHncc  recovery  Is  possible,  no  matter  how 
extensive  the  alterations,  while  changes  in  (he  achromatic  elements  are  always  per- 
manent in  charact<-r.  It  seems  quite  probable  that  a  comparatively  easy  method  of 
investigation  has  led  to  an  overcstimation  of  the  elgnltlcance  of  changes  in  tlie  clim- 
matic  substance  of  the  neurone,  and  to  a  neglect  of  probably  more  Important  but  less  - 
easily  studied  changes  in  the  achromatic  element. 
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Regeneration. 


Regeneration  of  nerve  tissue  in  the  sense  of  an  actual  rei)roduction 
of  neurones  prolmbly  never  occurs  in  the  adult  human  nervous  system.' 
As  has  been  noted,  extreme  chromatolysis  may  be  succeeded  by  complete 
recovery.  Iii  the  case  of  axoual  chromatolysis,  the  degenerative  process 
usually  reaches  its  maximum  in  about  three  weeks.  Regeneration  of 
cbFomophilic  bodies  then  begins.  This  reconstructive  process  is  slow, 
the  cells  often  requiring  mouths  to  return  to  a  normal  condition.  At 
some  stage  of  the  process  there  is  usually  an  over -production  of  chro- 
matic substance,  and  the  cells  appear  darker  than  normal. 

Primary  union  between  the  ends  of  divided  nerve  fibres  does  not 
occur.  Complete  degeneration  of  the  distal  portion  always  precedes  the 
regeuenitive  process.  In  this  reconstruction  the  nuclei  of  the  neurilemma 
seem  to  play  au  important  part.  They  increase  in  number,  and  there  is 
also  au  increase  in  the  protoplasm  which  suri-ounds  them.  With  union 
of  the  divided  ends  the  axones  of  the  central  stump  may  grow  out  again 
if  the  ganglion  cells  be  intact,  and  ultimately  resume  function.  The 
myelin  first  I'eapiiears  as  droplets  which  coalesce  and  finally'  form  a 
complete  sheath.  This  reconstructive  process  in  the  nerve  fibre  is  ex- 
tremely slow,  often  requiring  many  months  for  its  completion." 

Replacbsikkt  Xeuhoglia  Hyperplasia, — Under  various  condi- 
tions in  which  there  is  destruction  of  the  parenchyma,  as,  e.g.,  in  ascend- 
ing and  in  des<;ending  d^^neration  in  the  spinal  cord,  there  occurs  a 
comi>eu8atory  increase  in  the  interstitial  elements.  This  new  tissue  is  at 
fii-at  cellular,  most  of  the  cells  being  of  the  spider  variety.  Later  there 
is  an  increase  in  the  neuroglia  fibres,  and  the  tissue  often  becomes  dense 
and  hard.  What  part  the  mossy  cells  or  other  less  common  tyj>es  of 
neuroglia  cells  take  in  the  prollfei-ative  process  is  as  yet  unknown. 
With  the  increase  in  fibres  there  are  often  shrinkage  and  the  formation  of 
dense  fibrous  tissue.  This  replacement  hypeiplasia  in  neuioglia  seems 
quite  similar  in  nature  to  replacement  connective-tissue  hyperplasia  in 
other  organs,  and  is  often  considered  iutlanmiatory. 

Degexeratioxs  Apfectikg  Systems  of  Neurones. 
Qeneral  ConaideratioiiB  Concerning  Neurone  Sjratems. 

Before  considering  llic  siiliject  of  syslfinic  dtgi-ncmtion  we  may  refer  briefly  lo 
tlie  altuulioQ  in  tliu  Dvrvnus  system  of  oirtuiu  uf  tlie  mure  important  grou|>s  of  neurones 
and  tlie  paths  whieb  their  axoncs  tak<.'. 

That  the  cell  bodies  of  Deuroncs  are  grouped  in  tlie  gray  matter  of  the  brain,  cord 
and  ganglia,  and  In  the  end  organs  of  certain  nerves  of  special  sense,  lias  already  been 
mentioned.  This  grouping  of  neurones  serves  definite  physiological  ends.  Their  cell 
bodies  form  centres  or  nuclei,  ivhile  their  axoues  are  collected  into  bundles  or  fibre 
tracts.  Thus,  in  Ibc  region  of  the  fls.Hure  of  Rolando  are  grouped  the  centres  of  those 
neurones  which  have  lo  do  with  voluntary  motion,  and  what  is  known  as  cerebral  local- 

'  For  i-eview  and  literature  on  "Itegeuerntion,"  see  Barker.  "The  Nervous  System," 
p.  24-1  et  scg. 
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Izaiiou  miAua  tbegrouploi^  of  (^cll  butlicigof  neurones  for  EpeciQc  function.  .Afterlbe 
kuon'D  lotallzHlions  iiit'  cliiiiinHteil.  there  sllll  lethains  unaccounted  for  the  greattr  part 
of  tlie  cerebral  corlex,  hiu)  our  present  belief  Is  tiiat  these  neuroDes  are  nt'iimnes  of 
assneialion  by  whicli  the  various  rentres  are  brought  into  pliysiological  relationship. 
Some  uni]erstandini;of  this  neurone  grouping,  and  espwially  of  the  anangenient  of 
their  neuraxoni's  a«  fibre  tracts  of  tile  noni  is  esscntiai  lo  an  a|>preciation  of  tbose 
deg<'nerations  which  affect  (teflnite  systems  of  neurones. 

Periphi^iial  Motor  Xri;hones. — These  neurones  liave  tlieir  cell  bodies  in  the  gray 
matter  of  the  anterior  horn  and  in  the  motor  nuclei  of  the  cranial  nerves.  Their  aeur 
axonea  pass  out  as  the  motor  fibres  of  Ibe  eranial  and  of  the  spinal  nerves.  The  *;ntlre 
neurone  lies  upon  the  same  side  of  the  body ;  tliat  is,  the  peripheral  motor  neurone  is 

Tub  Upper  on  CoRTtro-SnsAL  Motor  Nel'boneb  liave  their  cell  bodies  situated 
mainly  in  tlie  cerebral  corlex  near  tlie  llssure  of  Itoiando.  Their  ueuraxones  converg 
tng.  pass  through  the  internal  capsule,  pons,  and  medulla,  sending  off  fibres  lo  the 
motor  nuclei  of  t lie  cranial  nerves.  In  tlie  medulla  llie  tract  conies  to  ibe  surfaov  as  the 
aiilerior  i^riimidt.  At  the  junction  of  medulla  and  cord  occurs  the  pyramidal  (lecu»a- 
tion  in  which  most  of  tlie  llbn-s  of  the  tract  cross  to  the  opposite  lateral  region  of  the 
conl.  to  be  known  as  tlie  riymuieil  pyiitmiiUtl  tiiirl,  wliile  a  minority  remain  ou  the  same 
side,  to  pass  down  the  conl  as  the  Hirret  pymvUdid  lenrl.  As  the  Imcts  descend,  fibres 
ctmtinuously  leave  Iliem  t4)  temiinate.  tliose  of  the  crossed  tract  ia  the  gray  matter  of 
tile  same  side,  those  of  tlie  direct  tract,  after  passing  through  tlie  anterior  comniissurr. 
in  the  gray  matter  of  the  opposite  siile.  The  cortieo-spinal  motor  tract  is  a  crossL-d 
tract. '  These  tmcta  present  variations  in  slxe  and  length.  They  are  often  asymmetrical. 
The  crossed  tract  extends  to  the  lower  sacral  conl.  The  direct  tract  usually  ends  about 
the  mid -dorsal  region,  though  it  lias  been  followe<l  as  low  as  the  second  lumbar  segment. 

The  Senbort  (Affkrekt)  Tkact.  like  the  motor,  consists  of  two  segments,  an 
upper  aod  a  lower. 

The  hirer  or  jieriphei-iit  seiifiry  neni-oiie  tract  has  its  cell  b<Hiiea  in  the  ganglia  of  the 
spinal  and  of  the  cranial  nerves.  Ttieir  peripheral  arms,  which  Van  Gebiicbteii  con- 
siders pn)to])laan)ic  processes,  are  axis  cylinders  of  cranial  or  of  spinal  nerves,  Ttieir 
central  processes  or  axnnes  pass  Into  the  cord  as  the  fibres  of  the  posterior  roots  and 
enter  the  posterior  columns.  Here  they  divide  into  ascending  and  descending  arms. 
Tlie  descending  arm  is  short,  and  with  its  collateral  branches  soon  terminates  hi  the 
gray  mutter  of  the  same  side  of  the  conl.  The  as<'ending  arm  may  also  be  short,  and 
with  its  colhiterals  terminate  as  d<H's  the  deset'nding.  It  may  pass  a  considerable  dis- 
tance u|)  the  cord  and  then  end  In  the  gray  matter.  It  may,  as  one  of  the  long  fii<res 
of  ilic  posterior  cohimns.  continue  upwanl  to  the  medulla,  where  it  terminates  in  one  ot 
(be  posterior  column  nuclei.  These  long  fibres  pass  inward  as  tliey  pass  upward,  so 
that  the  lower  the  origin  of  tile  fibre  the  more  mesial  is  its  position  in  tlie  upper  part  of 
the  cor<l.  The  entire  neurone  lies  upon  the  same  side  of  the  conl.  The  lower  sensory, 
like  the  lower  nwiior  neurone,  is  direct. 

I'piirr  Stiii/iry  ycimiun. — The  arrangenieut  of  these  neurones  is  extremely  complex, 
and  only  tbose  whose  axones  enter  inio  the  formation  of  distinct  tracts  of  the  cord  will 
be  here  inentioneil.  Of  the  above- d<-scribed  central  arms  of  the  peripheral  sensiiry  neu- 
rones, sonie  of  tile  shorter  cuter  the  gray  matter  of  the  cord  and  wlili  their  collaterals 
terniiuale  arouud  motor  cells  (reflexes).  Others  temiinate  around  cells  whose  axones 
cross  to  Ibe  op|M>site  side  of  the  cord  an<1  pass  upward  as  the  autero-lateral  ascending 
tract,  or  tract  nf  Uowers.  Oilier  fibres  terminate  around  cells  of  the  column  of  Clarke, 
the  axones  of  which  pass  upward  at  the  direct  ct-rebellar  tract. 

In  addition  to  these  main  fibre  tracts,  there  v,n-  in  all  regions  of  the  cord  fibres 
which  arc  contmissurol  in  character.  Tliesc  fibres  arc  the  axones  of  cells  situated  in  the 
gray  mutter  of  the  cord,  and  after  pas^ng  a  short  distanctt  up  or  down  and  sending  col- 
laterals into  the  gray  matter,  themselves  re-enter  the  gray  matter  and  tenninate  there. 
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Tliese  short  fibrea  make  up  tlie  80-<.'alIc<l  ground  bundles  or  funilamentftl  columns  of  tbe 
conl.  Tliey  attain  llieir  greatest  development  in  those  regions  ot  tlie  cord  where  the 
rellcx  centres  are  moat  extensive,  i.e.,  in  the  lumbar  and  cervical  enlargements. 

Secondary  Se^neratioiu, 

Secondary  degenerations  are  dependent  upou  the  fact  already  noted 
that  the  cell  body,  being  the  trophic  centre  of  tbe  neurone,  tbe  axoue 
when  separated  from  its  cell  body  dies. 

Descending  Degeseeation. — Any  cortical  lesion,  euch  as  embolio 
softening  and  apoplectic  clots,  which  destroys  the  nerve  cells,  or  any 
lesion  of  the  brain  or  cord  which  intermpts  the  axone  tracts  of  the 
cor tico -spinal  system  of  neurones,  determines  a  complete  degeneration  of 
the  affected  axoncs  (Fig.  529).  Tbe  course  of  these  axones  has  been 
described.     Thus  a  lesion  of  the  brain  affecting  motor  neurones  is  fol- 


FlO.  £88.— Second* KT  DESCE^niKQ  DEQiVEitATiON. 
From  hffimoiThigte  fntn  the  tniernBl  capsule,  aliiiual  (wmpleU!  degmeraUon  of  the  direct  pyraniiilsl  trad 
on  the  Bttine  side  m  (be  lislon  aitd  o(  the  itosshI  pyramidal  trarl  oo  Ihe  opposite  side.    There  were  a  (ew 

lowed  by  a  degeneration  in  Ihe  motor  tract  of  the  same  side  down  to  the 
pyramidal  decussation,  and  below  that  point,  in  tbe  direct  motor  tract 
on  the  siime  side  and  in  the  cro8.«ied  tract  on  the  opposite  side,  the  num- 
ber of  degenenvted  fibres  being  proportionate  to  the  number  of  cells  de- 
stroyed or  axones  interrupted.  In  a  number  of  cases  of  descending  de- 
generation due  to  cerebral  lesions,  degenerated  fibres  were  found  in  the 
crossed  pyramidal  tract  on  the  same  side  as  the  lesion.  This  degenera- 
tion was  not  present  in  all  cases,  and  in  no  case  was  it  as  marked  as  the 
degeiieration  in  tbe  opposite  lateral  ti'act.  The  most  probable  explana- 
tion is  that  a  small  number  of  fibres  instead  of  decussating  pass  down 
into  tlie  cord  in  the  lateral  ti-act  of  tbe  same  side. 

In  descending  degeneration  due  to  a  lesion  below  the  pyramidal  de- 


.gle 


810  THE  NERVOUS  SYSTEM. 

unfisatioii  a  soniewbat  differeut  picture  is  presented.  In  a  complete  traiis- 
verse  lesion  there  is  degeneration  of  both  crossed  and  of  both  direct  pyr- 
amidal tracts.  If  the  lesion  is  unilateral  the  degenerations  are  upon  the 
same  side  as  the  lesion.  The  areas  of  degeneration  are  also  lai^;er  aod 
lesa  sharply  defined  than  in  cerebral  lesions.  Then  in  addition  to  the 
degeneration  of  the  pyramidal  tracts  there  is  a  degeneration  of  a  con- 
siderable number  of  fibres  in  a  crescent-shaped  area  lying  near  the  periph- 
ery of  the  ante ro- lateral  region  and  extending  from  the  crossed  to  the 
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direct  tract.  '  Degeneration  of  these  fibres  has  been  described  by  Marchi  ' 
after  removal  of  the  tei-ebetlum.  He  considers  them  descending  cere- 
bellar fibres.  The  so-called  comma-shaped  degeneration  in  the  posterior 
columns  is  sometimes  present.  Schultze'  regards  these  fibres  which 
are  situated  about  the  middle  of  the  posterior  columns,  as  descending 
axones  of  spinal  ganglion  cells.  Tooth '  thinks  that  they  are  more  prob- 
ably descending  branches  of  commissui-al  neurones.  In  the  fundamental 
columns  the  degeneration  extends  but  a  short  distance  below  the  seat  of 
injury,  and  of  coui-se  affects  only  those  axones  which  descend. 

Ast'ENDiXG  Degesekation. — Any  lesion  which  destroys  the  spinal 
ganglion  cells  or  which  interrupts  their  axones  determines  a  secondary 
ascending  degeneration  in  the  posterior  columns  (Fig.  530).     Any  lesion 

'JfarcAi,  "Origfne  c  decoroso  del  peduncoli  cerebellari."  Rev,  Sper.  de  Fren.  e 
Med.  e  leg.,  Bd.  xvii..  p.  867. 

^Sch'iltie,  "On  Comnitt- shaped  Degeneration  of  tbe  Posterior  Colunms."  Arch.  f. 
Psych.,  1883. 

^T"otR,  "GoulstonianLeeturesonSecondary  Degeneration  of  the  Spinal  Cord."  Lon- 
don, ima. 
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of  the  cord  whieli  interrupts  the  tract  of  Gowers  or  the  direct  cerebellar 
tract  is  followed  by  degeneratiou  of  the  fibres  of  these  tracts  above  the 
lesion  (Fig.  530).  Immediately  above  the  lesion  there  is  complete  de- 
generatiou of  the  tracts.  As  we  pass  upward  new  undegenei-ated  fibres 
from  the  spinal  ganglia  above  the  lesion  enter  the  column  of  Burdach, 
so  that  there  appeal's  in  the  posterior  columns  a  constantly  increasing 
number  of  normal  fibres.  Also  in  the  column  of  Gowers  undegenerated 
fibres  appear  as  one  passes  upward  from  the  Icsiou.  Some  of  these  fibres 
probably  have  their  origin  in  the  gray  matter  of  the  cord,  and  the  num- 
ber of  normal  fibres  is  in  proportion  to  the  number  of  these  cells  be- 
tween the  lesion  and  the  point  at  which  the  section  is  taken.  Descending 
fibres  in  these  columns  have  already  been  mentioned.  They,  of  course, 
do  not  degenerate.  If  the  lesion  be  above  Clarke's  columns  the  degeu- 
eratiou  in  the  cerebellar  tracts  remains  complete ;  if  not,  the  number  of 
normal  fibres  is  in  proportion  to  the  number  of  Clarke's  colnmu  cells 
l>etweeu  the  lesion  and  the  point  of  section.  The  ascending  fibres  of  the 
fundamental  columns  also  degenerate,  but  are  so  short  that  they  cannot 
usually  be  traced  beyond  the  area  of  direct  a*^tiou  of  the  traumatism. 


Primftry  Segeneratioui. 

DeGENEKATION   op  the  rEEIPHER.iL  MOTOE  NEUBOKES. 

Progre>i9ite  spiw?  rnvscular  atrophy  is  the  clinical  designation  of 
a  disease,  the  underlying  lesion  of  which  is  a  progressive  atrophy  or 
degenemtion  of  the  lower  motor  neurones.  There  is  a  degeneration  of 
the  lai^  motor  cells  of  the  anterior  horns  and  of  their  processes.  This 
degenemtion  goes  on  to  complete  destruction  of  some  neurones.  With 
the  loss  of  nerve  tissue  proper  there  is  a  e<mipen8at«iy  growth  of  neu- 
roglia. In  a  well-advanced  case  section  of  the  cord  shows  a  marked 
diminution  in  the  number  of  anterior  horn  cells  and  an  atrophic  condition 
of  the  horn  itself  and  of  the  anterior  roots.  The  lesion  usually  begins  in 
the  cervical  region.  More  rarely  it  starts  in  the  lumbar  cord.  The  de- 
generation may  extend  to  the  motor  cranial  nerve  nuclei,  giving  the 
picture  of  a  progressive  bulbar  paralysis.  The  medullary  nuclei  most 
commonly  involved  are  the  hypoglossal  and  the  spinal  accessorj'.  Less 
often  the  degeneration  affects  the  cells  of  origin  of  the  fifth  and  seventh. 
Degeneration  of  the  peripheral  nerves  has  been  described.  The  muscu- 
lar lesions  correspond  to  the  lesions  in  the  cord,  the  muscles  of  the  hand 
and  arm  being  usually  first  affected.  For  the  degenerative  changes  in 
the  muscles  see  page  754.  This  lesion  is  sometimes  described  as  a 
chronic  antero- poliomyelitis.  Both  its  clinical  history  and  its  patholt^y, 
however,  indicate  the  degenei'ation  as  the  initial  lesion  and  the  neuroglia 
increase  as  secondary — a  replacement  hyperplasia. 
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Degeneration  of  the  Corticospinal  Motor  Neurones. 

Spastic  Puraplegia — Hpastic  Spinal  Paralyiag.  ^-This  may  be  described  as 
a  primari'  lesiou  of  the  upper  or  cortico-spiual  motor  neurones.  It  is 
probable  that  the  lesion  affects  the  entire  neni-one.  As  a  distinct  patho- 
logical entity  the  condition  ia  extremely  rare.  Whether  it  originates  in 
a  degeneration  of  the  cell  bodies  of  these  neurones  in  the  cortes  is  not 
known.  The  clinical  picture  of  spastic  paraplegia,  due  to  compression, 
to  a  transverse  myelitis,  or  to  a  multiple  sclerosis,  is  not  uncouiniou. 
Marie'  considers  spastic  paraplegia  as  a  disease  appearing  in  childhood, 
and  due  to  a  faulty  development  of  the  cortico -spinal  motor  nearoues, 
rather  than  to  their  degeneration. 

Degeneration  of  Both  Peripheral  and  Corticospinal  Motor 
Neurones. 
Amyotrophic  Lateral  Sclerosis. — This  is  a  primary  prt^ressive  degener- 
ation involving  both  corticospinal  aud  spino-peripheral  motor  neurones. 
The  api>enrance  of  the  transverse  section  of  the  cord  is  a  combination  of 
that  in  spastic  paraplegia  and  in  progressive  muscular  atrophy.     There 


Fki.  SSI.-; 
Degpneraltnn  of  the  i-n)*!!"!  pyniniFdiil  and  of  tl 
was  an  lni'r*a»e  111  ihe  fonat^tlve  tlssux  of  the  hi.mi 

is  a  degeneration  of  the  cells  of  the  anterior  horn  with  atrophy  of  the 
horn  itself,  and  a  degenemtion  of  the  fibres  of  the  direct  aud  of  the 
crossed  pyramidal  tnK'ts  (Fig.  531).  The  lesion  in  the  horns  is  usually 
most  pronounced  in  the  cervical  region.  The  extent  of  involvement  of 
the  motor  tr}K^ts  of  the  cord  is  extremely  variable.  The  degenenition 
which  is  the  initial  lesion  is  iiccompanied  by  a  rephieement  connective- 
tissue  hyperplasia,  and  the  picture  presented  on  section  of  the  cord  is 
that  of  a  sclerosis  of  the  motor  tracts  and  of  the  anterior  horns.  Quite 
'  Maiie,  "  Lectures  ou  Diseases  of  Cbe  Sjiiiml  Cord."  I/jiiiion.  N.  S.  Soc.,  1895. 
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frequently  the  sclerosis  is  not  wholly  coiitiued  to  the  motor  tracts,  but 
ext«ud8  into  the  ueighboring  anterior  and  lateral  tracts,  especially  in 
the  cervical  region.  The  degeneration  iu  these  ti-acts  hiis  beeu  ti-aced 
tiirough  the  medulla,  jwns,  and  cms  to  the  cortex,  where  changes  have 
been  observed  in  the  large  pyramidal  cells.  In  the  gray  matter  of  the 
meduJla  are  a,lnQ  found  chauges  auaiogous  to  those  in  the  anterior  horns, 
consisting  in  degeneration  of  the  cells  of  the  motor  cranial-nerve  nuclei 
(hypoglossal,  spiual  accessory,  pneumogastric,  glosso- pharyngeal,  and 
facial).  The  ati-ophy  of  the  muscles  innervated  by  these  uerves  gives 
the  clinical  picture  of  glosso-labio-laryngeal  paralysis  or  progressive 
bulbar  paralysis.  The  medullary  lesion  may  occur  without  any  corre- 
sponding lesion  of  the  cord,  thus  giviug  rise  to  a  bulbar  paralysis  with- 
out any  sjiinal  symptoms.  The  seat  of  the  initial  lesion,  whether  iu  the 
cell  bodies,  in  the  cortex,  or  in  their  axones,  is  as  yet  undetermined. 
The  fact  that  disturbances  of  nutrition  acting  primarily  upon  the  cell 
body  are  frequently  most  evidenced  by  changes  in  parts  of  the  ueuroue 
farthest  from  the  trophic  centre  has  already  been  mentioned.  The  mus- 
cle changes  are  those  of  a  progressive  muscular  atrophy. 


Degeneration'  of  the  Peripheral  Sensory  Neurones.     (Tabes 
DorsalUi—  Posterior  Spinal  Hcleroins—Locwitoior  Alan<i. ) 

The  essential  lesion  of  tabes  is  a  primary  progressive  degeneratiou  of 
the  peripheral  sensory  neurone  system.  As  its  older  title  indicates,  the 
clinical  picture  of  locomotor  atasia  had  been  attributed  to  a  primarj' 
sclcrosi)^  of  the  posterior  columns.  This  was  i>ot  because  iu  these  col- 
umns was  the  only  lesion,  but  because,  owing  to  the  close  packing  to- 
gether here  of  the  sensory  axones,  this  lesion  was  the  most  conspicuous. 
The  distribution  of  tte  lesion  is  coextensive  with  the  periphei-al  sensory 
neimme  system  (page  808).  Any  part  of  the  system  may  be  affected  or 
the  lesion  may  involve  practically  the  whole  system.  Again,  the  entire 
neurone  may  be  affected,  or  only  part  of  the  neurone,  or  one  part  more 
than  other  parts.  In  general  it  may  be  stud  that  it  is  ihe  central  process 
of  the  neurone,  which  enters  the  cord  in  the  posterior  nerve  roots,  that 
shows  the  earliest  and  most  extensive  changes. 

It  is  couveuient  to  classify  the  lesions  of  tabes  according  to  the  anat- 
omy of  the  peripheral  sensorj'  neurone  system,  as  follows: 

1.  The  Peripheral  Processes. — («)  The  sensory  nerve  endings.  Changes 
of  a  degenerative  character  have  been  described  in  the  sensory  nerve 
endings  of  the  skin,  joints,  and  muscle.  Especially  well  marked  are 
those  of  the  (sensory)  muscle  spindles  which  are  almost  coustantly 
pi-eseut. 

(6)  The  peripheral  ner\es.  Degenerations  of  the  peripheral  nerves 
are  common.  Like  similar  conditions  due  to  toxic  agents,  they  are  usu- 
ally referred  to  as  a  neuritis.  The  changes  in  both  axones  and  medullary 
sheaths  are,  however,  degenerative  iu  character  and  similar  to  those  of 
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a  WalleriaD  degeDeratiou.  The  lesioii  is  confined  wholly  to  the  Bensory 
fibres,  the  motor  fibres  remaiDiug  intaot.  It  is  usually  most  pronuuiiced 
in  the  siualler  peripheral  brauches  of  the  nerves.  Degeneration  of  the 
optic  nerve— so-called  optic  neuritis— occurs  in  from  ten  to  twentj'  per 
cent  of  cases.  The  same  couditiou  is  less  frequent,  but  occnrs  in  the 
auditory  aud  iu  the  seusory  fibres  of  the  pueumogastric,  glosso-pharjngeal, 
and  trigeminus. 

2.  The  Cell  Bodies. — Marked  degenerative  changes  in  the  cells  of  the 
spinal  and  analogous  cranial  ganglia  have  been  described.  In  a  number 
of  cases  they  have  been  found  early  in  the  disease.  There  is  a  reduction 
both  in  number  and  in  size  of  the  ganglion  cells,  with  a  replacement 
connective -tissue  hyperplasia.  Chromatolyais  with  nuclear  eccentricity 
as  demonstrated  by  the  method  of  NissI  has  also  been  observed.  Similar 
changes  have  t>een  noted  in  the  nerve  cells  of  the  retina.' 

3.  The  Central  Processes. — (o)  The  sensory  nerve  roots,  consisting  as 
they  do  of  the  central  processes  of  the  spinal  ganglion  cells,  show  more 
or  less  complete  degeneration.  It  is,  in  fact,  in  this  part  of  the  neurone 
that  the  earliest  and  most  conspieuons  changes  are  usually  found.  The 
extent  and  location  of  the  degeneration  varj'.  In  the  more  o>mmon 
type  of  the  disease — lumbar  tabes — the  earliest  lesions  appear  in  the 
posterior  roots  of  the  lumbar  nerves.  Only  a  few  of  the  roots  are  at  first 
affected  and  only  some  of  the  fibres  in  these  roots.  With  the  progre.ss 
of  the  disease  more  fibres  are  involved  and  the  degeneration  extends 
downward  to  the  sacral  roots  and  upward  to  those  of  the  dorsal  and  cer- 
vical nerves.  In  specimens  stained  by  Weigert's  method  (sec  page 
838)  the  contrast  between  the  darkly  stained  anterior  root  fibres  and  the 
almost  unstained  posterior  i-oot  fibres  is  often  marked.  * 

(5)  The  spinal  cord.  On  removing  the  cord  in  a  case  of  advanced 
tabes,  certain  changes  are  usually  apparent  to  the  naked  eye.  The  pia 
mater  between  the  two  posterior  horns  is  apt  to  be  thickened,  of  a  dull 
api)earauoe,  and  adherent  to  the  cord.  This,  in  contrast  t-o  the  uormal 
condition  of  the  i-est  of  the  pia,  gives  the  effect  of  a  narrow  band  ex- 
tending the  length  of  the  cord.  The  posterior  columns  may  he  depressed, 
of  a  grayish  color,  and  firmer  than  the  rest  of  the  cord.  On  section  the 
contrast  between  the  posterior  columns  aud  the  rest  of  the  white  matter 
of  the  cord  is  often  very  distinct.  In  cords  removed  from  cases  dying 
during  the  earlier  stages  of  the  disease  there  are  often  no  macroscopic 
lesions. 

The  microscopic  appearances  vary,  depending  on  the  stage,  extent, 
and  location  of  the  lesion  (Fig.  532). 

In  a  case  which  comes  to  autopsy  early  in  the  disease  the  appearance 
of  the  lesion  differs  from  that  in  a  case  of  advanced  tabes.  As  already 
noted,  the  most  marked  changes  are  in  the  posterior  columns.  In  the 
more  common  type  of  the  disease  iu  which  the  degeneration  begins  in 

'  Iq  Plate  XIII..  7,  ia  seen  a  portion  of  a  spinal  gangHon  from  a  case  of  advanced 
Inlx-B.     Ill  aiUliiion  to  a  ilpgcDcratioa  of  tbe  cells  preseot,  tlicre  was  a  marked  reductfon 

111  the  QUmber  of  cells  in  tlie  ganglioii. 
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the  lumbar  region,  sections  of  the  cord  iii  tiiis  region  show  certain  qiiite 
well-defined  ai'eas  of  degeneration.  The  zone  of  Lissauer  early  shows 
marked  degenerative  changes.  This  zone  ext«nd8  across  the  entering 
fibres  of  the  posterior  root  which  divide  the  zone  into  two  parts.  The  de- 
generatiou  of  the  outer  part  has  been  wrongly  described  by  some  writers 


as  a  lateral -colnmn  degeneration.  It  will  be  remembered  that  these 
fibres  are  short  fibres  which  have  entered  the  cord  in  the  nearest  posterior 
root.  Degeneration  usually  appears  early  in  that  part  of  the  column  of 
Burdach  which  borders  tJie  posterior  horn.  The  column  of  Goll  varies 
Etsto  the  extent  of  iuvolvemeut.  In  many  cases  it  is  only  slightly  af- 
fected, in  others  the  degeneration  is  marked.  As  the  fibres  of  this  col- 
umn come  mainly  from  the  last  lumbar  and  first  two  sacral  segments,  it 
is  seen  that  its  condition  depends  entirely  upon  the  integrity  of  these 
roots.  The  fibres  of  the  posterior  columns  have  two  sources:  (1)  enter- 
ing fibres  of  the  posterior  roots;  (2)  fibres  from  cells  in  the  gray  matter 
of  the  cord.  The  latter  are  situated  mainly  in  a  narrow  etrip  behind  the 
posterior  commissure  and  in  the  median  oval  area  of  Flechsig.  These 
fibres  are  unaffected  in  tabes. 

The  appearances  of  cross  sections  in  the  dorsal  and  cervical  regions 
in  lumbar  tabes  are  dependent  upon  an  ascending  degeneration  of  the 
fibres  affected  below.  The  columns  of  Goll  are  thus  usually  affected, 
while  the  columns  of  Burdach  are  often  only  slightly  involved.  If  at 
any  level  of  the  cord  degenerated  root  fibi-es  enter  the  cord,  there  results 
a  degeneration  in  the  zone  of  Lissauer  and  in  the  band  of  fibres  lying 
along  the  posterior  horn  at  that  level. 

Rarely  the  tabetic  process  begins  in  the  cervical  region.  In  these 
cases  section  of  the  cervical  cord  shows  not  only  normal  endogenous 
fibres,  but  a  normal  condition  of  the  column  of  Goll  and  of  such  part  of 
the  column  of  Burdach  as  originated  below  the  level  of  the  lesion.  Some- 
times the  dorsal  roots  are  affected  with  the  cervical.     In  cervical  tabes 
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the  cuitl  Im-Iow  the  iilfet-ltHl  i-e};ioii  is  iiuruiaJ,  while  nbore  is  the  lesion  of 
an  Hsceudiii);  (lf};euerati<>ii.  The  lesiou  may  In  any  case  be  asymnietrical, 
one  root  of  a  )ie{;meiit  beiiij;  affected  while  the  other  i-eiuains  iioniial. 
Marie  deseriben  a  variety  of  tabes  in  which  the  lesions  begin  in  the 
ciitnial  nerves. 

In  causes  of  advaiieeti  tabes  (Fig.  5;t3j  there  are  often  nlmofit  no  nor- 
mal iierve  fibres  in  the  posterior  columns,  the  columns  of  Goll,  of  Bur 
dach,  and  of  Lissiiner  presenting  little  but  dense  tibrous  tissue.  The 
posterior  fisHure  may  1h'  completely  obliterated.  Thei-e  usiiall>'  i-eniaiii, 
however,  even  in  advanced  tal)es,  iin degenerated  fibres  bordering  the  i»i>s- 
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('■crvli'ul  rrjOiin.  uliriwlng  an  wJvum-Hf  Mage  of  Uw  lenkir. 

terior  commissure  and  the  ad.jiicent  jiart.s  of  the  posterior  boras.  The 
median  area  of  Fleehsig  alstt  ivniains  intact.  As  already  noted,  these 
fibres  are  endogenous. 

The  •nici'oscopical  ap|)eiiiaiice  of  the  degenerated  areas  varies  with  the 
stiige  of  vhe  i)rocess  (Fig.  .'>34).  The  new  connective  tissue  may  be  jit 
first  quite  cellular;  later  the  librillar  elements  predominate  and  the 
tissue  lieromes  dcnst^  and  firm.  Of  the  nerve  fibres  some  have  disnp- 
l>eui'ed,  otbei-s  show  degeneration  of  their  medullary  sheaths  and  axis 
cylinders.  Some  few  normal  fibres  are  usually  present  even  in  advanced 
sclerosis.  The  blood-vessels  often  have  thickene<l  walls.  There  may  l»e 
corpom  aniylacea  and  fat  globules,  the  latter  either  free  or  collected  in 
cells. 

The  lesion  of  talx's  is  not,  however,  confined  to  the  posterior  eolu  nil  is. 
The  fibres  of  these  eolunnis  are  constantly  sending  collaterals  and  termi- 
inils  into  the  gniy  matti-r.  ilost  of  these  pass  iuto  the  jHisterior  horns, 
an  especially  well-marked  group  entering  Clarke's  cell  column.  The 
po.sterior  horns  are  theivfoi-e  usually  smaller  than  normal,  with  a  inarkeii 
reduction  in  the  numl>er  of  fibi-es  enteriug  them  from  the  posterior  col- 
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nmiis,  vhWe  the  columns  of  Clarke  show  a  dimi  nation  in  the  number  of 
delicate  fibrils  which  normally  surround  the  ganglion  cells. 

Changes  have  also  been  described  in  the  spinal  root  of  the  ilfth  cranial 
nerve  and  in  the  fasciculus  solitariiis  which  consists  of  afferent  fibres  of 


— POSTIRIOR  SriML  SCLBItOSia.     <TlP£S  D< 


the  vagus  and  glosso-pliarj'ngeal  nerves.     These  fibres  are  analogous  to 
those  of  the  posterior  columns  and  the  changes  in  them  are  similar. 

Degenerations  of  a  secondary  character  may  occiir  in  those  systems 
of  ueuTOnes  which  are  more  or  less  dependent  upon  the  i>eripheral  seu- 
soiy  neurone  system  for  their  impulses.  Tbiia  tlie  cells  of  Clarke's  col- 
umn may  be  affected,  with  resulting  degeneration  of  their  axones  which 
make  up  the  direct  cerebellar  tract.  This  degeneration  extends  through 
the  restiform  body  to  the  termination  of  the  tract  in  the  cerebellum. 
The  cells  of  the  gray  matter  whose  axones  form  Gowera'  tract  may  be 
degenerated,  with  consequent  degeneration  of  the  fibres  of  this  tract. 
Ill  the  medulla  the  cells  of  the  nucleus  gracilis  and  nucleus  cuneatus 
may  be  affected,  thus  determining  an  ascending  degeneration  along. the 
tracts  followed  by  their  axones.  Similar  in  character  is  the  degeneration 
of  the  cells  of  the  anterior  horns  noted  by  Condol6on,  These  changes  in 
the  anterior-horn  cells  have  been  accepted  by  some  investigators  as  ex- 
planatory of  the  various  trophic  disturbances  which  so  frequently  occur 
during  the  course  of  tabes.  Similar  changes  ha\e  been  found  in  the 
nuclei  of  two  of  the  motor  cranial  nerves,  the  oculomotor  and  the  hypo- 
glossal. Others  a.scribe  the  trophic  disturbances  to  a  peripheral  neuritis. 
Marie '  describes  a  case  interesting  in  this  connection,  in  which  there  was 
marked  hemiatrophy  of  the  tongue  with  distinct  changes  in  both  main 
and  accessory  nuclei  of  the  hypoglossal  nerve  on  the  same  side,  the  oppo- 
I  Marie,  loc.  cit. ,  p.  S58. 
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site  nuclei  being  normal.  Oppciibeiiner  describes  a  Rimilar  ca.se  of  tab6i) 
with  larj'iigeal  crises  iu  which  there  were  prououuctnl  degenerative  chiiuges 
ill  the  piieumogastric  nucleus  and  iu  the  ascendiug  root  of  the  glosso- 
I)har>'ngeal.  Changes  h[«e  been  descrilxKl  in  the  cells  of  the  cerebral 
cortex.  They  are  similar  to  tliowe  found  iu  dementia  pamlj-tica,  but 
less  marked. 

Altliough  various  Iiypoltimcs  luivo  bctn  Bdranct'd  iu  explanutioii  of  tliii  tabetic 
Icsiou,  and  es|)ei'lally  iu  refLTQUci;  to  tlii.'  fairly  constant  selection  of  certain  groups  rtf 
ueiirone»,  liouht  Rtill  exists  iis  lo  tiic  origin  aoil  essential  nature  of  the  process.  Earlier 
writers  lookwl  iii>on  tlie  lesion  as  a  primary  sclerosis  of  tlie  posterior  columns,  probalily 
nf  Tascu  tar  origin.  Flecliiii^'  and  Trepiniiki'  ilescriU.' tlic  posterior  coliinnisasniailc  u|i 
of  K-verBl  <listinct  systems  of  tlbrcs.  eacli  system  distinguishable  fnmi  the  nlJicrs  by  iif 
periml  of  ripeniDg  or  luyulinlzution.  They  nsscrt  that  llie  talK-tic  jirocess  affects  tiit-sc 
di(T<.'r<'Dt  systems  successively.  As  liic  systems  overlap  ouu  anotlier,  this  woiilil  (^\;ibiia 
the  admixtiiTc  at  cerlain  stages  of  iol«'s  of  normal  and  abnonun)  fibres.  Pr«»-nt 
liunwledgc  favors  the  view  that  taU>s  is  a  primary  degeneration  of  the  periplivntl  sen- 
sory syHteni  of  neiinincs,  the  degeneration  nffectiiig  tlie  entire  ucurime,  iiud  that  tlie 
picture  prescnte<l  by  the  tiiU-s  ciird  varies  witli  tlie  [Nirtieular  neurones  affocteii.  The 
cell  iHxIJes  of  tliese  neunmes  are  in  tlte  spinal  ganglia  and  their  cranial  analogue!^. 
TliorokiKh  cxaniiuatiouB  of  itphial  ganglion  celts  have  as  yet  been  niadc  in  too  few  caws 
ti>  warrant  any  gcnural  courliisions.  Degeneration  of  Sjiinal  giiuglion  cells  in  1al>c«  iifls 
been  Tvport<-<l  even  in  cases  dying  early  in  tli<^  ilisense.  Siicli  degcneraiions  are  Ix'^t 
aiiown  by  tlie  methiMl  of  Nissl.  the  genenil  application  of  which  is  comparaiively 
recent.  Certain  it  is  tliat  a  tlegeneration  whieli  afTects  botli  peripheral  and  central  pror- 
cssirs  of  the  neurone,  ami  yet  is  most  pronounced  in  those  parts  of  the  neurone  farlhi'^l 
removed  from  its  nutritive  renin-,  is  most  easily  explained  on  the  lusis  of  some  dgenl 
affecting  the  geucral  metabolism  of  the  ueurone.  A  majority  of  the  cases  of  tabes  give 
a  HvpLilitie  history.  Our  knowledge  of  the  effects  of  toxins  upon  neurones  is  certainly 
not  <ippi>s<'d  to  the  consiileration  of  such  a  to.\in  as  liie  etiological  factor  in  tabes. 

Combined  System  1)e(;eseuatiox — Ataxk;  Pakaplegi.*., — This  is 
a  diseiise  of  uiu^rtaiu  etiology,  iu  which  there  are  degenerative  changes' 
in  both  motor  and  sensory  neurone  systems  (Fig.  SiSS').  The  tracts  usu- 
ally involved  ate  those  of  Bui'dtich  and  of  Goll,  the  direct  cerebellar 
ti-.icts,  and  the  crossed  pyr^midjil  tracts.  Iioss  commonly  the  degenera- 
tion exteiuLs  to  the  tracts  of  Gowers  and  to  the  direct  pynuaidal  tracts. 
It  seems  probable  that  the  le.siou  in  the  cord  is  not  always  the  expression 
of  the  same  pathological  process,  and  that  in  many  eases  it  Ls  not  the 
i-esult  of  a  true  systemic  dcgeiienition.  In  perhaps  the  minority  of  cadcs 
the  lesion  corresiwnds  to  the  tract  systems  of  the  cord  and  probably 
repi'eseuls  a  coiubitied  sensory-motor  degeneration.  Such  are  those  rare 
cases  iu  which  the  degeiienvtiou  affects  all  of  the  abo^e- mentioned  tract.i. 

According  tii  Dejerine,  the  apixiirance  of  a  combined  system  disease  may  lie 
Induced  by  tlie  chronic  meningitis,  which  exists  over  the  posterior  columns  in  tabes, 
extending  forward  over  the  direct  cerebellar  tract,  the  productive  inflammation  finally 
spreading  to  this  tract  and  to  the  crossed  pyramidal.  In  these  cat>ea  that  part  of  tlK 
latter  tract  which  lies  deepest,  t'.e.,  cli>se  to  the  gray  matter,  usually  remaios  uoin- 

'  Pteehnig.  "Die  I.eitimgsliaUncn  im  Gehirn  uud  II  tick  en  mark."  Leipsic,  1878.  'W 
die  Tabes  Dorsaliseine  System-ErkraiiktingV"     Neiir,  Cent..  Bd.  ix. 

'  Treptmki,  "  Die  embryonalen  Pasersyateme  in  den  HlnterstrSngcn  und  ihre  Degeii' 
eration  bd  der  Tabes  Doraalis."    Arch.  f.  Psych,  und  Nerv.,  Bd.  xxx.,  t897. 
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volved,  Marie  lays  particular  stress  upon  tbe  arterial  systems  of  the  cord  as  the  prime 
factor  in  many  cases,  calling  attention  to  the  fact  that  tlie  lesion,  as  it  is  most  commonly 
found,  coincides  almost  exactly  with  the  distribution  of  the  posterior  spinal  arteiies. 
By  others  the  lesion  is  ascribed  to  a  multiple  sclerosis,  the  restriction  of  the  degeneration 
to  detlnite  tracts  being  only  apparent.  It  is  possible  that  in  some  cases  tlie  patho- 
logical picture  of  a  combined  sclerosis  may  be  due  to  secondary  degeneratiou  following 
myelitis. 

A  subacute  type  of  combined  system  degeneration  has  been  described  by  Russell' 
The  degeneration  involved  the  same  tracts  aSeeicd  in  the  more  cliionic  type,  and  was 


'rosls  la  tbe  eolunma  oF  lioll.  Ilie  direct  BDd  tbe  cnDSaeil  pynmildal  IrarU.  BDd 
tbe  (lireet  (»rebellar  (caet. 

)me  levels  of  the  cords  studied,  there  being  only  a  tbiii  layer 
of  normal  fibres  covering  tlie  gray  matter. 

Under  the  name  of  diffuse  degeneration  of  the  spinal  eord,  Putnam  and  Taylor' 
,  describe  a  somewhat  similar  condition,  leaving  open  the  question  as  to  the  systemic 
nature  of  tlie  process. 


FEiBDEKinH's   Ataxia.     {Hereditary  Ataxia.) 

This  disease  while  often  referred  to  as  liei-editaiy  ataxia,  has  more  of 
a  family  thaii  of  a  distinctly  hereditary  character.  Its  pathology  is 
marked  by  a  decrease  in  the  size  of  the  spinal  cord,  the  diameter  of  which 
is  often  not  moi-e  than  three-qnarters  that  of  the  normal  eord.  Degeu- 
emtion  of  the  columns  of  Goll  is  usually  qnite  complete.  Less  marked 
degeneration  is  found  in  the  columns  of  Bunlach,  in  the  direct  cei-ebellar 
and  in  the  crosse<l  pyramidal  tracts.  The  marginal  tract  of  Lissauer  may 
or  may  uot  be  affected.  In  the  posterior  horns  and  in  the  columns  of 
Clarke  the  condition  resembles  that  iu  tabes.  There  may  be  atrophy  of 
the  cerebellum. 
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Marie  not«a  In  addition,  atrophy  and  disappearance  of  the  cells  of  Clarke's  column. 
Blocq  and  Marinesco'  describe  dcgenuration  of  Ibe  posterior  root  fibres  aimilar  (o  tbal 
found  in  tabes.  Friedreich'  and  RDtimeyer*  And  atropby  of  tbe  ant«rior  horn  cells. 
The  determining  cause  of  the  dinease  and  tbe  nature  of  tbo  morbid  process  are  as  yet 
undetermined.  It  seems  probable  tbat-Ihe  condition  of  the  cord  may  be  more  property 
considered  an  abnormality  of  development  mther  than  a  degeneration. 


Oebebellar  Ataxia. 

Atrophyof  the  cerebellum  was  DOted  as  Bometimesoecurrmg  in  Fried- 
reich's ataxia.  In  that  disease,  howe^'er,  the  cord  lesiou  was  most 
marked.  In  cerebellar  ataxia  the  lesion  of  the  cord  is  slight  or  at>seut, 
the  chief  lesion  being  an  atrophy  of  the  cerebellnm.  This  atrophy  is 
accompanied  by  little  or  no  sclerosis,  the  organ  being  simply  sma]la' 
than  uormal. 

INEXAHKATION. 

Ikflammation  of  the  Ekain.     {Encephalitis.') 

Acate  SnoephalitiB, — Inflanimatorj'  processes  in  the  nervous  system, 
whether  of  an  exutliitive  or  of  a  productive  type,  are  frequently  consecu- 
tive to  or  coinci<le  lit  with  the  more  severe  forms  of  degeneration  or  other 
le-sions,  thus  making  differentiation  of  the  processes  often  extremely  dif- 
ficult. It  has  t>een  already  mentioned  tliat  the  brain  tissue  about  hiemor- 
rhagea  and  areas  of  embolic  and  thrombotic  softeuiug  may  undergo  in- 
flammatory changes  leading  to  the  formation  of  new  connective  tissue. 
There  is  a  class  of  cases  in  which  localized  areas  of  the  brain  undergo 
softening,  with  more  or  less  extravasation  of  red  and  white  blood  cells 
and  hyperemia,  so  that  the  softened  material  consists,  as  seen  under  the 
miero8COi)e,  of  detritus  of  bmiu  tissue  in  a  eouditiou  of  fatty  degenera- 
tion, often  with  more  or  less  ))us  cells  and  pigment.  When  such  areas  are 
red  in  color  from  intermingled  blood  cells  or  pigment,  the  condition  is 
called  red  inflammatory  softening.  When  fatty  degeneration  prevails,  and 
the  red  blood  cells  or  their  derivatives  are  not  abundant,  the  softened 
area  looks  yellow  or  yellowish-white,  and  this  is  often  called  ye^owtn- 
fiammatory  Ho/lening.  The  origin  of  these  processes  is  very  obscure  and 
their  inflannnatory  nature  not  well  defined. 

Abscess  of  the  Bkain. — Small  multiple  abscesses  of  the  brain  may 
occur  in  pyiemia.  Large  abscesses  of  the  brain  are  usually  single ;  they 
may  attain  a  large  size.  They  are  most  frequent  in  the  cerebral  and 
cerebellar  heuiisphei-es,  rare  in  the  basal  ganglia,  the  pons,  and  the 
medulla  oblongata. 

There  may  be  an  irregular  cavity  containing  thin  pus  and  softened 

'  Bloeg,  P.  and  Marineseo,  O.,  "Sur  I'Anatomie  Pathologlque'de  la  Maladie  de  Fried 
reich."  Compte  rend.  8oc.  dc  B'"'     ■"""" 
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brain  tiasae.  The  walls  of  the  cavity  are  ragged  and  infiltrated  with 
pus,  and  outside  of  the  walls  is  a  zoue  of  tedematons  and  softened  brain 
tissue.  If  the  abscess  be  near  the  pia  mater,  meningitis  may  follow ;  if 
it  be  near  the  lateral  ventricles,  it  may  rupture  into  them ;  if  it  be  near 
the  sinuses  of  the  dui-a  mater,  it  may  iuduce  thrombosis.  Au  abscess 
may  in  time  become  enclosed  in  a  capsule  of  connective  tissue. 

Abscess  of  the  brain  is  most  frequently  secondary  to  chronic  suppu- 
rative  otitis  (42.5  per  cent,  Gowers),  mnch  less  frequently  to  acute  otitis. 
With  the  otitis  there  may  also  be  caries  of  the  temporal  bone,  suppura- 
tion of  the  mastoid  cells,  and  iudammation  of  the  dura  mater.  The 
abscess  is  usually  situated  deep  in  the  brain,  commonly  in  the  temporo- 
sphenoidal,  the  frontal,  the  occipital  or  the  parietal  lobes,  or  in  the 
cerebellum;  rarely  it  is  continuous  with  the  inflamed  dura  mater  and 
bone.  Abscess  may  follow  chronic  lesions  in  the  orbit  or  caries  of  vari- 
ous parts  of  the  cranial  boiie.s. 

Abscess  of  the  brain  fi-equeatly  follows  traumatism,  blows,  or  falls 
on  the  head.  Such  injuries  may  not  damage  the  skull,  or  may  produce 
fractures  or  necrosis.  There  is  often  a  considerable  interval  between 
the  time  when  the  injury  is  inflicted  and  the  development  of  the  symp- 
toms. 

\\Tien  the  cranial  bones  are  uninjured  the  abscess  is  usually  deep  in 
the  brain ;  when  there  is  necrosis  of  the  bones  the  abscess  nmy  be  super- 
ficial ;  when  the  bones  are  fractured  the  abscess  may  be  either  superficial 
or  deep.     The  abscess  develops  rarely  in  the  opposite  side  of  the  bi-aiii. 

In  acute  exudative  meningitis  from  various  excitant^)  there  may  t>e  an 
infiltnition  of  the  bniiu  with  leucocytes;  this  may  be  especially  marked 
in  the  perivascular  tis.sne  and  around  the  ganglion  cells. 

An  Acute  Diiuminated  Encephalitis, '  hfematogenous  in  character,  may 
develop  during  the  pnjgi-e.ss  of  au  infectious  disease.  It  is  most  com- 
mon in  infective  endocarditis,  in  ])y(emia,  and  in  epidemic  cerebrospinal 
meningitis.  It  nmy  be  sissociated  with  acnte  anteropoliomyelitis,  ap- 
imrently  due  to  the  siime  obstnire  etiological  factor.  The  lesion  consists 
in  disseminated  foci  of  inflanumition,  or  minute  multiple  abscesses. 
Some  of  these  are  microscopic  in  size,  others  may  be  seen  with  the  naked 
eye.  The  smallest  sliow  simply  small -round -cell  infiltration  of  the  walls 
of  one  or  more  small  vessels  and  ()f  the  surrounding  tissue.  The  larger 
s))ots,  which  undoubtedly  take  origin  in  the  siime  way,  are  seen  to  be 
softer  than  the  rest  of  the  tis.sue,  and  resemble  red  or  yellow  softening, 
according  U*  the  amount  of  red  blood  cell  exti-avasation.  <'ongestion  is 
asnally  marked.  There  may  be  distinct  hsemorrhages.  l>egenerative 
changes  with  disintegmtion  of  the  exudate  usually  set  in  and  detemiine 
destructive  changes  in  the  neighboring  neurone  and  neuroglia  elements. 
At  the  perii)herj  of  one  of  the.se  abscesses  the  neuroglia,  instead  of  being 
in  a  degenenvting  condition,  usually  shows  proliferation.     In  the  case  of 

'  Under  the  heart  of  "Arute  Partnchymalous  Encoplialitis  "  lias  been  described  a 
Ifsion  of  the  ganglion  cells  without  viis<'ulur  or  jurerslitlal  cliaoges.  Those  lesious  are 
the  result  of  loxii^ntiitN  i>f  either  en<i(ijrenoi[s  or  exogenous  nature.  They  are  more  prop- 
erly clasaeii  as  parench)' mucous  degeneration. 
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oDe  of  the  more  minute  inflammatory  foci  complete  resolution  may 
occur  witli  absorption  of  the  exudate.  In  the  larger  abscesses  there  may 
be  absorption  of  tlie  exudate  and  of  the  products  of  degeneration,  and 
a  replacement  neuroglia  hyperitlasia,  ultimately  resulting  Jn  asclei-otic 
patch. 

t:5uppuratire  encephalitis  may  occur  as  a  result  of  traumatism  or  from 
exteusion  of  suppurative  meningitis. 

A  form  of  euccphalitis  which  has  been  designated  acute  uon-suppu- 
rative  ha-morrhagic  encephalitis,  has  l)een  described  by  Striimpell,  Ijeich- 
teuBteiu,  Op))euheiiu,  Putnam,'  and  others.  The  lesion  consists  iii  the 
occurrence  of  multiple  hemorrhagic,  inflammatory  foci,  which  are  non- 
suppurative, and  which  ai*  accompanied  by  leucocytic  infiltration.  These 
foci  may  occur  iu  any  part  of  the  brain,  but  are  most  numerous  in  the 
white  matter  of  the  brain  and  basal  ganglia.  Some  of  these  heemorrhages 
may  t)e  quite  large, 

.  ArUTE   iNFLAMMiTION  OF  THE  SPINAI,  COKD.      (Acute  Mffflititt.) 

Inflammation  in  the  spinal  cord  is  quite  analogous  to  inflammation 
in  the  brain. 

Acute  Disseminated  Hyelitia*  runs  a  rapid  course  and  proves  fatal  iu  a 
short  time.  The  inflammation  may  involve  nearly  the  whole  length  of 
the  cord,  but  is  usually  more  intense  in  some  places  than  in  others.  The 
cord  is  swollen  and  congested,  it  is  infiltrated  with  pus  cells,  the  connec- 
tive tissue  is  swollen,  and  there  is  degeneration  of  the  nerve  elements 
proiier. 

More  fi'equently  an  acute  myelitis  is  more  localized.  It  involves  but 
a  small  portiou  of  the  length  of  the  cord,  while  laterally  it  may  com- 
pletely cross  it,  and  is  hence  spoken  of  as  a  transverse  myelitia.  When 
the  cord  is  removed  and  laid  upon  the  table,  if  the  lesion  is  marked,  a 
flattening  of  the  cord  at  its  seat  may  be  observed ;  or  on  passing  the 
finger  gently  along  the  orgjin,  the  affected  segment  will  be  found  softer 
than  the  rest  of  the  cord,  sometimes  almost  diiBueut.  On  making  a  sec- 
tion through  the  affected  portion  the  neire  tissue  may  appear  white  or 
red  or  yellowish  or  grayish.' 

Microscopial  examination  gltows  different  appearances,  dei)euding 
upon  the  stage  of  the  degenerative  or  inflammatory  process.  There  may 
1h'  much  blood,  or,  if  the  lesion  has  existed  for  some  time,  blood  pig- 
ments; also  fragments  of  more  or  less  degenerated  nerve  iibres  and  gan- 
glion cells  (Fig.  53(>),  myelin  droplets,  free  fat  granules,  and  larger  and 

'  P)itniim.  Jour,  of  Sctv.  unil  .Mi-nt.  Dis.,  vol.  xxiv.,  1897,  bibliography. 

*  Acute  parcncliymntMug  riiycliifH.  likr  its  ADalogue  In  the  bniiD.  Is  a  Wfon  of  the 
ganglion  wm,  and  in  more  properly  clitiRt'd  as  a  degeneration.  Embolic  and  thit>D)' 
botic  snttculngs  are  mon^  rare  in  tlie  cord  lliuti  in  llie  brain,  and  are  necessarily  much 
more  restricted  In  extent.  Wlicn  of  an  lnltaniinat<iry  eliaracter  tliey  rcscniblc  the  simi- 
lar brain  lewon  and  are  nid  or  yellow  ftreiiriling  tn  llie  amount  of  extravasation. 

"  It  slinuld  be  remeinliercd  that  the  nieeliaiiienl  injury  to  tlie  cord  in  removal,  aucb  na 
cruHhlng  or  bruising,  may  reduce  the  injured  portion  to  a  pulpy  consistence  ard  thus 
produce  appearanc(-s  somewhat  similar  lo  those  of  some  forms  itf  inflammatory  soften- 
ing.    Sei;  reference  lo  I'nn  Giinr'H,  on  .-Vrtefaeta of  the  Nervous  System,  p.  717. 
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Biualler  c«ll8  filled  with  fat  granules  (Gliige's  corpuscles),  pus  cells,  gi'au- 
ular  matter,  neuroglia  cells,  and  sometimes  corpora  iimylacea.  The  vari- 
ous combinations  of  these  elemente  give  liae  to  the  different  gross  ap- 
peaniuces  which   the  diseased  psut  pi-esents.     In  earlier  stages  of  the 
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lesion  the  blood-vessels  maybe  dilated,  the  nerve  fibres  and  cells  swollen; 
or  the  walls  of  the  blood-vessels  may  be  thickened  or  fatty,  or  surrounded 
by  a  sheath  of  leucocytes  and  cells  derived  from  the  connective-tissue 
cells  of  the  adventitia. 

The  lesion  is  apt  to  commence  in  the  gray  matter  or  at  its  edge,  and 
then  extend  first  latei-ally  and  afterwaixl  upward  and  downward. 

In  a  certain  number  of  cases  the  degenerated  material  may  be  absorbed 
and  a  cicatrix  or  cyst  formed.  After  the  least  extensive  fonna  of  the 
lesion  there  may  be  a  restoration  of  the  functions  of  the  cord. 

Secondary  degeneration,  both  ascending  and  def*cending,  may  occur 
in  this  form  of  myelitis,  varj'jjig  in  extent  according  to  the  size  of  the 
primarj'  lesion.  The  terms  central  wyelitin,  peripheral  myelitis,  and  witf- 
Jdterul  mi/elifis,  are  sometimes  ws*(d  to  designate  localizations  of  the  lesion. 

Poliomyelitis  Anterior — Hyelitis  of  the  Anterior  Hom.^This  name  is 
applied  to  a  group  of  cjiws  which  are  characterized  by  clinical  symptoms 
indicating  changes  in  the  anterior  horns.  The  disease  is  most  common 
iu  children,  under  the  name  of  infantile  spinal  paralysis,  but  occurs  also 
in  adults.  It  usually  begins  with  symptoms  of  an  acute  infectious  dis- 
ease, the  paralysis  supervening  after  a  few  days.  It  varies  in  acuteness, 
severity,  and  duration.  In  many  cases  there  is  complete  recovcrj',  and 
then  we  must  suppose  that  the  changes  in  the  nervons  tissue  were  not 
desti'uctive  in  chai-acter.  In  other  cases  the  symptoms  are  moi-e  jwnua- 
nent,  indicating  a  deslrnctive  lesion. 

At  fii-st  a  considerable  group  of  niusciles,  usually  of  the  arms  or  legs, 
is  affected,  Kesoliition  taking  place,  there  may  be  complete  disappear- 
ance of  the  paralysi.s.  More  commonly  there  is  return  of  function  in 
most  of  the  muscles,  while  some  few  remain  i>ermaueutly  pai-alyzed  and 
become  atro])hied.  The  lesion  is  most  fi'equent  in  the  lumbar  and  cer- 
vical enlargements,  but  may  occur  anywhere,  and  is  often  found  in  scat- 
tei-ed  patches.  Earlier  autopsies  were  in  cases  of  long  standing,  and 
the  changes  found  consisted  in  degeneration  (Fig.  537),  shrinkage,  pig- 
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meutation,  and  atrophy  of  the  gauglioii  cells  of  the  anterior  borus,  an 
iucrease  in  the  connective  tissue  of  the  cornua  and  of  the  adjacent  white 
matter,  often  with  d&struction  of  considerable  portions  of  the  horus, 
atrophy  of  tbe  anterior  roots,  and  distortion  of  the  cord. 

Instead  of  this  shrinkage  and  atrophy  of  the  horus  there  is  sometimes 
found,  especially  if  the  case  come  to  autopsy  not  too  long  after  the  onset, 
a  gelatinous  condition  of  the  horns,  the  place  of  the  horns  being  occupied 
by  young  neuroglia  tissue  with  mauy  branching  cells  and  fine  delicate 
fibrils  resembling  glioma  (Fig.  5^).  This  gliomatous  tissue  may  break 
down,  forming  a  cavity  surrounded  by  young  neuroglia  tissue.  More  re- 
cently autopsies  made  early  in  the  course  of  the  disease  show  that  the 
changes  described  above  represent  only  later  sta^;es  of  what  ori^uated 
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as  an  aente  inflammatory  process.     Examination  of  the  cords  from  sach 
early  cases  shows  congestion,  exudation  of  leucocjies  into  the  perivas- 
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cular  and  Derve-cell  spaces,  aud  proliferation  of  the  neuroglia.     I>egeu- 
eratiou  of  the  nerve  cells  occurs,  probably  secondiirj'  to  the  inflammatory 
lesion.     The  inflauunatiou  is  similar  to  that  of  au  ordiuary  acute  uiye- 
litis,  but  seems   to  be  coufiued 
mainly  to  the  area  of  distribu- 
tion of  the  auterior  spinal  artery. 

In  about  one-third  of  the 
cases  which  aie  clinically  in- 
cluded under  acute  auterior  po- 
liomyelitis, the  onset  is  without 
fever,  and  there  is  at  no  time 
any  evidence  of  the  existence  of 
an  inflammatory  process.  While 
thrombosis  of  a  branch  of  the 
anterior  spinal  artery  or  hsemor- 
rbages  into  the  anterior  horns 
have  been  suggested  in  esplana- 
Hon  of  these  cases,  their  patholo- 
gy remains  as  yet  undetennined. 

Acute  Auending  Paralysia — 
Landry'B  Paralyaii.  —  This  is  a 
rare  disease  characterized  clini- 
cally by  a  rapidly  ascending 
paralysis,  beginning  in  the  lower 
extremities  aud  progressing  up- 
ward to  involve  the  body,  arms,  Fm.  saw— landrts  PARALvsra 
and   head.      Until    recently  no 

.,,.,,  Bectlon  of  eplDal  cord  abowtng  arule  InBiuniiislOTy  proo 

pathological     changes     were  ™.ubouiihehiood-.«BeiB. 

known  to  explain  the  symptoms. 

Within  the  last  few  years  a  number  of  cases  have  been  reported  in  which 
the  lesion  was  an  acute  myelitis  with  or  without  au  accompanying  poly- 
neuritis (Fig.  539). 


Fin.  f>«> 

,— LANDKV'a  Pa  HA  LYSIS. 

FlO.  Ml. -LAN DRY'S  PaKAI.V. 
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Biiili'y  and  ?^wiii(i '  rcporWrd  a  case  in  which  the  cortl  shewed  coiigeBtion  with  capil- 
lary hicnioirliagi'H  and  circumvascular  unall  round-ocll  iiitiltrutinn  {Fig.  540  and  Ml). 
Tilt:  inoiglioD  colls  wi-rc  in  various  stages  of  degencmtion.  Similar  lesions  have  beeu 
reported  by  Marie  and  Mariuesco,  by  Hertz  and  Lcaiie.  and  by  otliers.  Mills  and  Bpiller 
report  in  sonic  eases  a  polyneuritU  iu  addition  to  myelitis.  Kri-wer  finds  an  acute 
myelitis  and  neuritis,  and  considers  the  lesion  due  to  a  non-specific  infection,  Bratilt 
'  Consult  Biikff  and  EiHuy,  New  Yorlt  5tc(lical  Journal,  July,  1896 
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rc]H>rts  three  cases  in  wliicli  Nyraplonis  of  Lundry's  paralysis  followed  lymphaD^tic 
absceMxea  from  excoriution  of  lower  limbs.  He  connidcrs  tliew:  cases  of  "  inyelic  locali- 
sationufa  strcptut-iK-cua  infection."  licmlioger  describes  a  case  in  which  the  strepli)* 
cocrus  waa  detected  \n  the  nplDal-Conl  substance  by  cultivation  and  by  stained  sectiotta. 
Remliuger  alao  slates  that  lie  has  Jud need  symptoms  of  au  acute  ascendiag  paralyds 
in  rabbits  by  inoculatiug  tliein  with  pua  from  a  septic  abscess. 

Inflammation  of  the  Nekybb,     (JTrarito.) 

Id  the  nerves,  as  in  tiic  braiu  and  cord,  dcgfDcratlvc  cliuDgca  commonly  accompany 
inflainniation,  and  a  dislincliou  is  ofleii  difBcult.  The  diffleiilty  in  sharp  differeoliatioQ 
.ics  in  the  fact  tliat  degenerative  chauge?  in  nerves,  when  intense  or  long  continued, 
often  Ii-a<i  to  iuHammationfl,  and  that  inflammatory  conditions  in  nerTes  often  determine 
secondarj'  degenerative  changi's  in  llie  nerve  fibn'S. 

Acute  ZxndatiTe  Fenritie. — Acute  itifliimmatioD  of  the  nenes  may  oc- 
cur as  the  result  of  injurj',  or  it  may  be  secondarj'  to  an  inflajuinatory 
proees.H  ill  their  vicinity,  although,  owing  to  the  dense  lamellar  sheaths 
and  tlie  speciitl  bloiHl  supply,  the  nerve  trunks  may  es(^pe  participation 
in  even  \ery  severe  inflammatory  processes  in  surrounding  tissues.  The 
infiamed  nerve  may  l>e  red  and  swollen  and  infiltrated  with  seriini  and 
ptis  colls.  Tlie  process  may  undergo  resolution  or  terminate  in  destruc- 
tion of  the  nerve,  or  it  may  become  chronic  and  result  in  the  formation 
of  new  connective  tisBue.  Degeneration  and  regeneration  of  (he  nerre 
fibres,  similar  to  those  described  as  following  division  of  nerve  trunks, 
may  ocettr  in  acute  neuritis. 

"Xnltipla  Neuritis"  (Segenerotion). — AVhile  for  convenience  of  i-efcr- 
ence  described  under  its  u-sual  title,  this  lesion  is  probably  alway.s  a  de- 
generation, and  woidd  lie  properly  classified  under  the  head  of  neuron-; 
degeueralions  of  toxic  origiu.     It  is  caused  by  the  action  of  certain  min 


eral  poisons,  for  example,  alcohol  and  lead.  It  occurs  as  a  complication 
of,  or  succedaueiim  to,  certain  infectious  diseases,  for  example,  diph- 
theria, Neptii::emia,  mviisles,  smallpos.  etc.  It  is  sometimes  apparently 
idiopathic.  Chaiigesof  a  degenerative  nature  are  found  in  the  peripheral 
uer\es,  and  are  more  marked  near  the  i)eriphery  than  near  the  cord. 
Thus  the  most  common  ueries  affecled  are  the  anterior  tibial  and  the 
radial.  The  most  marked  changes  are  in  the  nerves  themselves,  there 
being  little  or  no  change  in  the  connective  tissue.  More  rarely,  espe- 
cially in  very  iicute  cases,  there  are  reddening  and  swelling  with  some  in- 
flammatory reactiuu  in  the  intei-stitial  tissue.  The  fibre  lesion  sliows  best 
ill  specimens  tresited  with  osmic  acid  and  tetused  h.  glycerin  (Fig,  542). 
Here  the  myelin  sheath  is  seen  to  Iw  broken  up,  and  in.stead  of  a  contiu- 
nous  envelope  of  hlack  stained  myelin,  the  myelin  is  represented  by  larger 
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or  smaller  black  droplets  scattered  along  a  broken  or  tlegeneratetl  axis 
cylinder.  There  inay  be  some  increase  in  the  eoniieclive  tissne.  The 
slteath  of  Schwann  is  usually  intact.  It  is  of  iuterest  to  note  that  in  a 
number  of  cases  (us  yet  too  few  to  warrant  general  conclusions)  changes 
have  been  found  in  the  cells  of  the  anterior  horn  analogous  to  those 
found  after  injury  to  motor  nerves  (page  803).  The  muscles  supplied 
by  the  affected  nerves  show  various  stages  of  atrophy.  The  cord  and 
meninges  usually  remain  normal.  In  some  cases  a  spinal  meniugitis 
and  more  or  less  myelitis  have  been  described. 

Chronic  Inflammation  of  the  Brain,  Cord,  and  NEBVEft 

While  this  term  should  be  applied  only  to  a  jirimary  increase  in  the 
neuroglia  elements  at  the  expense  of  the  parenchymatous,  thus  making 
the  degenei-ation  of  the  nervous  tissue  proper  entirely  secondarj-,  it  is 
very  difRcult  always  to  eliminate  the  possibility  of  preceding  degenera- 
tive changes.  Histologically  the  lesion  consists  in  a  proliferation  of  the 
neuroglia  elements.  The  neuroglia  cells  increase  in  uumbei',  some  of  the 
new-foruied  cells  having  many  processes,  others  few.  In  the  early  cellu- 
lar stage  of  its  formation  the  proliferative  area  is  soft  and  gelatinous, 
and  tends  to  increase  the  .size  of  the  part.  With  further  prepress  of  the 
sclerosis,  there  is  a  disproportionate  develojiment  of  fibres  attached  to 
the  cells,  and  finally  of  fibres  independent  of  cells.  With  the  increase 
of  fibres  the  affe<'ted  area  becomes  firmer,  making  a  sort  of  dense  felt- 
work  of  interlacing  fibrils.  In  this  meshwork  are  found  ner\'e  fibres  in 
various  stages  of  degenemtioii. 

Chronic  Interstitial  Encephalitis — Sclerosis.— This  lesion  of  the  brain 
tissue  may  occur  diffusely,  occni)ying  an  entire  lobe  or  more  or  less  of  the 
vhole  brain,  or  in  circumscribed  small  areas.  It  consists  essentially  in 
an  increase  of  the  connective-tissue  elements,  the  neuroglia,  and  an  atro- 
phy of  the  nerve  elements,  jKirticularly  the  ganglion  cells  and  the  medul- 
lary sheaths  of  the  nei-ves.  With  these  changes  are  usually  associated 
the  formation  of  Gluge's  corpuscles,  coi-pom  aniyhicea,  granular  and 
fatty  degeneration  of  the  nerve  elements,  and  thickening  and  piolifera- 
tion  of  cells  of  the  walls  of  the  blood-vessels.  Tlie  areas  of  sclei-osis  may 
be  very  dense  and  hard,  or  gelatinous  in  consistence. 

The  diffuse  form  of  sclerosis  is  most  frequently  seen  in  general  pare- 
sis of  the  insane,  and  not  infrequently  in  the  brains  of  drunkai'ds. 

A  petruliar  featnit'  of  disseminated  sclerosis  is  that  the  patches, 
whether  in  the  brain  or  coitl,  do  not  induce  the  expected  secondary 
degeneration.  It  is,  in  fact,  uncommon  to  find  secondary  d^ene  rat  ion 
resulting  from  evenalai^  patch  of  sclerosis.  This  is  bc'lieved  to  be  due 
to  the  tWt  that  in  nearly  all  of  the  patches  the  axis  cylinders  i>en*ist  even 
after  complete  destruction  of  the  medullary  slieaths. 

The  ciicumscrilHHl  form  of  S4-lerosis,  multiple  sclerosis  (»clfro»e  en 
plaqiif),  is  much  more  common  tlian  the  diffuse  form,  and  may  possibly 
oeeur  in  the  bi-ain  alone,  or  more  commonly  is  associated  with  a  similar 
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lesion  in  the  spinal  eard.  The  ai'eas  of  sclerosis  vary  in  size  from  tlisbt 
of  a  |>ea  to  that  of  an  almond.  They  may  be  few  or  numerous,  they  niay 
be  white,  (grayish,  or  grayish-red  in  color,  and  are  iisnally  but  not  alwavH 
sharply  outlined  against  the  unaltered  brain  tissue.  Although  in  niauy 
cai^tes  the  increa.se  in  the  co i meet ive -tissue  elements  seems  to  be  the  pri- 
mary lesion,  and  the  degeneration  of  the  nerve  elements  secondary  to 
this,  it  is  quite  possible  that  in  some  cases  the  increase  in  connective  tis- 
sue may  be  secondary  to  a  degeneration  of  the  nerve  elements  from  loss 
of  nuti'ition  or  from  other  caus<'8. 

There  is  reason  for  the  belief  that  multiple  sclerosis  may  sometimes  be 
the  result  of  dis-seminated  local  necrotic  lesions  of  acute  infectioos  dis- 
eases— scarlatina,  for  example,  occurring  at  an  early  period  of  life. ' 


Kacephalitia  in  the  New-Bom. 

This  cnDdflion.  first  di-scrilii.'<l  by  Vircliow,  is  said  lo  cousisl  in  the  formation  of 
circiinisitribcd  collpclioas  of  colls  of  various  sizes  coDtalniDg  maoy  fat  granules  (gmnu- 
lar  corpuwkNi)  auil  forming  ypHowlsli  masst's,  from  I  turn,  to  6  nim.  iti  dk[ni.'icr.  in  the 
hnin  tissue.  A  more  dilTuw  owuiTencc  of  graoular  corpuscles  is  also  described,  but 
this  is  sai<I  by  some  ottscrvers  to  lie  pliysiological.  The  nature  of  this  lesion  is  but  little 
iindersKicHl,  nnil  is  slill  the  subject  of  controversy. 


The  chatiges  in  this  disea.se  are  in  the  main  those  of  chronic  diffuse 
encephalitis,  but  the  appearances  vary  greatly  and  depend  to  some  extent 
ujHtn  whether  the  brain  is  examined  in  early  or  late  stages  of  the  disease, 
iccording  to  Meyer,  in  the  early  stages  of  the  disease  the  convolutions, 
particularly  of  the  anterior  cerebral  lobes,  are  swollen,  the  gray  matter 
is  congested  and  softened  in  places.  The  brain  tissue  is  more  or  less 
infiltrated  with  leucocytes.  Fatty  degenemtion  of  the  walls  of  the 
capillaries,  and  punctate  bfemoirhsiges,  are  also  common. 

In  later  stages  of  the  diseaw  a  great  variety  of  changes  may  be  ob- 
served: hrcniorrhagtc  pachymeningitis,  thickening  of  the  dura  mater, 
and  close  adhesion.s  to  the  skull;  thickening  and  opacities  of  the  pia 
mater,  adhesions  of  the  latter  to  the  dura  mater  and  to  the  brain  tissue. 
The  bnviii  tissue  is  apt  to  lie  atrophied,  is  often  very  soft,  and  the  ventri- 
cles are  dilated  and  tilled  with  fluid.  The  pia  mater  may  be  oedematous, 
the  eiwudyma  thickened  and  roughened.  On  microscopical  examination 
the  neuroglia  is  found  to  beineieased  in  amount,  the  ganglion  cells  are 
shrunken  and  sometimes  pigmented;  the  nerve  fibres  may  also  be 
atn>phie(i,  and  the  blood-vessels  in  a  condition  of  fatty  or  hyaline  degen- 
eration. There  maybe  anaccumulationof  fatty  and  granular  cells  along 
the  walls  of  the  blood-vessels.  Secondary  degenerations  in  the  spinal 
cord  are  not  infrequently  observed.' 

I  See  Oppenheim.  Berl.  klin.  Wochensclirift,  March  2d,  1896. 

'  It  is  wry  dilHeiilt  to  make  positive  ami  deliiiitc  statements  regarding  many  such 
lesiims  of  the  brain  as  tliose  just  iiiilioated.  or  in  general  of  brain  lesions  whose  nature 
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Clironic  Interstitial  HyelitU- — Under  this  heading  are  embraced  a 
variety  of  lesions  which  probably  differ  from  one  another  somewhat 
in  the  nature  of  the  changes  involved,  bnt  more  in  the  seat  of  the  dis- 
ease. We  shall  consider  without  special  classification  the  most  impor- 
tant forms. 

Chronio  Tranivene  Hyelitis. — In  certain  cases  of  pressure  on  tlie  spinal 
cord  from  a  tamor  or  from  displacement  of  the  bones  of  the  vertebral 
column,  etc.,  instead  of  becoming  softened  or  undergoing  acute  inflam- 
matory changes,  the  cord  becomes  the  seat  of  a  localized  formation  of 
new  connective  tissue,  with  consecutive  atrophy  of  more  or  less  of  the 
nerve  elements  in  the  gray  and  white  matter.  The  cord  becomes  in  this 
way  harder,  and  sometimes  shrunken  at  the  seat  of  lesion,  and  gray  in 
color.  This  change  may  be  followed  by  a^tcending  and  descending  de- 
generation. 

Chronic  Diaseminated  Hyelitis — Multiple  Sclerosis. — This  lesion,  similar 
in  its  nature  to  multiple  sclerosis  of  the  brain,  often  occurs  with  it.  It 
consists  in  the  formation,  in  more  or  less  numerous  scattered,  circum- 
scribed areas,  of  new  connective  tissue,  apparently  derived  from  the  neu- 
roglia.    The  formation  of  new  connective  tissue  is  preceded  or  accom- 


panied by  detteneration  and  atrophy  of  the  ner\'e  fibres  and  ganglion 
cells.  The  new  connective  tissue  consists  of  the  characteristic  branching 
nenroglia  cells,  surrounded  by  a  more  or  less  dense  network  of  fine 
fibrillte,  many  if  not  most  of  which  seem  to  he  branches  of  the  neuroglia 
cells.  Corpora  amylacea  and  sometimes  fat  droplets,  either  free  or  con- 
tained in  cells,  may  be  present  in  the  sclerosed  areas. 

must  be  revealed  by  microBtopica)  study,  because  our  technical  procedures  In  the  Study 
of  the  bniln.  even  in  noniial  conditions,  are  still  in  many  respects  quite  unsotlBfactory 
and  inconipletc.  The  brain  tissue  is  so  <U'licate  and  so  liable  to  post-mortem  cliauges. 
and  the  cnects  of  ditTerent  preservative  agent!;  are  so  liable  to  variatious,  that  great 
caution  is  necessary  in  arriving  at  conclusions  regarding  the  more  minute  lesions  aficct- 
ing  the  nerve  tissue  of  the  braiu. 
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The  ai'eoH  of  sclero»is  may  involve  both  gray  and  white  matter,  aud 
may  be  veiy  small  or  large  (Fig.  543).  If  very  small  or  in  early  stages 
of  formation,  they  nmy  not  be  i^eeognizable  by  the  naked  eye,  bnt  when 
visible  they  are  grayiKb,  trausliKt^nt,  and  firmer  than  the  surrouudiug 
tissue,  and  may  or  may  not  present  a  depressed  surface ;  they  sometimes 
project  above  the  general  level.  The  esiuse  of  ibis  as  of  all  other  foi'Uia 
of  so-called  idiojiatbie  interstitial  myelitis  is  very  obscnre.  As  noteti  in 
multiple  selerosis  in  the  brain,  secondary'  degenerations  aiti  rare,  and 
probably  for  the  reason  there  given. 

Chronic  Interstitial  Nenrltit. — This  is  essentially  a  chronic  interstitial 
infiammation  resulting  in  an  incivjise  of  the  connective  tissue  in  the  ner\-e 
sheaths  and  intrafiusciculsir  bands.  As  a  resnU  of  this  the  nerve  fibres 
undergo  atrophy  from  pressure;  the  medullaiy  sheaths  aud  finally  the 
axis  cylinders  being  in  many  of  the  fibres  partially  or  completely  de- 
stroyed. 

Tic  Douloorettx. — Changes  iu  the  peripheml  branches  of  the  fifth 
cranial  nerve  isnioved  fn)ni  obstinate  aa^'s  of  trifacial  neuralgia  have 
been  reporte<l  in  a  eousiderable  unmber  of  cartes.  These  changes  consist 
in  degeneration  of  the  axis  cylinders  and  of  their  medullary  sheaths.  In 
a  smaller  number  of  iusfauees  changes  have  been  reported  iu  Oasserian 
ganglia  reniovtHl  from  such  cases.  The  changes  iu  the  ganglia  eousist  in 
atrophy  aud  disap|)earance  of  the  ner\'e  cells  with  increase  iu  the  con- 
nective-tissue elements.  A  peculiar  shrunken  condition  of  the  cell  in 
which  the  cell  retracts  to  oue  side  of  its  cell  space  is  a  fairly  character- 
istic feature. 


TUBERCULOUS   LESIONS    IN   THE  NERVOUS   STSTEK. 

Tuberculous  inftaiumation  whether  of  the  brain  or  cord  is  usually  sec- 
ondary to  tuberculous  intiammation  iu  other  organs,  and  is  most  fre- 
quent as  an  extension  of  tubei-culosis  of  the  meninges.  In  the  brain  sub- 
stance it  usually  manifests  itself  in  the  formation  of  circimiscribed  masses 
of  new  tissue  from  0.5  to  1  cm,  in  diameter,  or  latter.  These  may  bo 
single  or  multiple,  are  most  common  in  young  persous,  and  very  fre- 
quently occur  in  the  cerebellum  (Fig.  544).  They  are  apt  to  occur  in 
connection  with  tuberculous  inflammation  of  other  organs.  They  are 
frequently  called  solitarj'  tubercles,  and  usually  consist  of  a  dense  cen- 
triil  cheesy  mass,  around  which  is  a  grayish  zone  containing  tubercle 
granula,  numerous  small  spheroidal  cells,  with  occasionally  lai^r  poly- 
hedral cells  and  giant  cells.  They  do  not.-as  a  rule,  seem  to  be  fonned 
by  an  aggregation  of  miliaiy  tubereles,  although  these  may  be  present 
in  the  periphery.  They  sometimes  suppurate  and  break  down,  and  then 
they  simulate  simple  abscesses.  Tnl>ercle  bacilli  have  been  found  in 
these  solitary  tuberchw. 

Conglomerate  and  sciittered  miliary  tubercles  of  the  ordinary  form 
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sotiietiines  occur  iu  the  braiu,  usually  iu  couiiectiou  with  tuberculous  iu- 
flannuatioii  of  the  ineniiigea  or  ependyiiia. 

Iu  the  .spinal  cord  solitary  uodules  may  determiue  extensive  second- 
ary degenenitious.  Multiple  tuberculons  foci  may  occur  in  the  eoi'd. 
They  are  rare  and  usually  secondary  to  tuberculosis  of  the  spinal  me- 
ninges. 

Tuberculous  inflammation  of  ner^-es  is  rare  except  at  their  origins, 
where  it  is  due  to  an  extension  from  tuberculouH  meninges.  When  a 
nerve  traverses  tuberculous  tissues,  it  may  be  involved  in  the  inflamma- 
tory I 


Pia.  a«.-SoMT*!ir  Tthbrclb  of  Ckrebeluii. 
I.  Millar;  tuben^lea  with  (rianl  cells;  h.  h.  mlllari' tubercles  without  gteDt  re 


SYPHILITIC   LESIONS   IN   THE   NERVOITS   STSTEH. 

Syphilitic  lesioiiN  in  the  nervous  system  may  occur  in  either  the  inher- 
ited or  in  the  acquired  form  of  the  disease.  In  the  former  they  usually 
sliow  themselves  early  in  life,  though  cases  ha\-e  l>cen  reported  after 
puberty.  Giisne  in  an  examination  of  twenty-six  foetuses  of  syphilitic 
parents  found  well-marki^  syphilitic  lesions  in  four.  More  commonly 
it  is  a  tertiary  manifestation  of  the  acquired  disease  occurring-  from  ten 
to  twenty  years  after  the  initial  lesion.     Less  commonly  cerebral  symp- 
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toms  make  their  appearance  witbiii  a  few  moDths  after  the  chancre.  The 
lesion  soiuetiniea  appears  in  tjtiQ  brain  as  the  so-called  gummy  tuniors. 
These  are  most  frequently  found'  near  the  periphery  of  the  brain,  are  usu- 
ally connected  with  ttie  meninges,  and  may  be  sharply  circumscribed. 
The  central  portion  of  the  tumor  is  apt  to  be  in  a  condition  of  cheesy 
degeneration,  and  at  the  periphery  is  seen  fibrous  tissue  or  a  dense  infil- 
tration of  small  spheroidal  cella 

Syphilitic  inflammation  of  the  brain  very  frequently  occurs  in  a  dif- 
fuse form,  characterized  by  the  formation  of  a  gelatinous,  grayish  tissue, 
consisting  of  a  more  or  less  homogeneous  or  granular  basement  sultstance, 
with  numerous  smutl  round  cells.  The  neighboriug  nerve  elements  are 
apt  to  be  atrophied.  A  most  common  syphilitic  lesion  is  a  specific  arte- 
ritis with  or  without  the  formation  of  small  gummatous  tumors  iu  the 
walls  of  the  vessels. 

Syphilitic  inflammation  in  the  cord  is  usually  secondary  to  a  similar 
process  in  the  spinal  meninges.  The  size  and  shape  of  tlie  gummata  are 
modified  by  the  restriction  of  the  vertebral  canal.  The  tumors  are 
mainly  significant  from  the  more  or  less  extensive  secondary  d^enera- 
tions  which  they  induce. 

The  relation  of  syphilis  to  multiple  cerebral  and  spinal  sclerosis  is 
still  uncertain.  Its  relation  to  tabes  and  to  dementia  paralytica  has  been 
noted  under  their  respective  titles.  It  is  probable  that  most  or  all  of 
those  rare  cases  of  tabes  occurring  iu  children  are  the  results  of  iuberited 
syphilis. 

Syphilitic  inflammation  of  the  peripheral  nerves  is,  like  tuberculous 
Inflammation  of  nerves,  tisually  dependent  upon  an  extension  of  the 
process  either  from  the  meninges  or  from  some  tissue  through  which  the 
nerves  pass. 

AOTIHOICTOOSIS. 

Actinomycosis  of  the  brain  has  been  described.  It  is  a  rare  form  of 
brain  infection,  and  is  usually  secondary'  to  actinomycosis  of  the  uecic  or 
face.  The  condition  is  apt  to  lead  to  suppuration  and  abscess  formation. 
A  case  has  l>een  reported  by  Bollinger  iu  which  the  disease  was  appar- 
ently primary  in  the  brain. 


LEFBOUS  INFLAMUATION. 

This  occurs  in  the  peripheral  ner^'es  and  consists  in  the  formation 
within  the  nerves  of  ma.sse.s  of  new-formed  tissue  somewhat  resembling 
granulation  tissue.  In  the  cells  of  this  tissue  multitudes  of  characteristic 
bacilli  are  uniformly  found  (see  Leprosy).  It  constitutes  the  variety  of 
leprosy  known  as  lepra  aniesthetica. 
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Tumors  occurriug  in  the  aervoiis  system  may  be  of  the  types  found 
in  the  other  ot^ans  or  of  types  peculiar  to  ner^-ous  tissue.  They  may  be 
primary,  or  secondary  to  similar  growths  in  other  parts  of  the  body. 

Tumors  of  the  Brain. 

Myxoma,  fibroma,  lipoma,  and  osteoma  are  rare  forms  of  brain  tnmor. 

Neori^lioma  Oanglionare. — This  is  a  form  of  tumor  probably  due  to 
disturbances  in  the  development  of  the  brain.  It  is  peculiar  to  nervous 
tissue  and  occurs  in  the  form  of  circomscribed  tumors  or  of  diffuse  en- 
largements of  portions  of  the  brain.  The  pia  mater  over  these  tumors 
is  unchanged  and  the  convolutions  retain  their  shape.  The  tumors  are 
formed  of  neuroglia,  in  which  are  contained  little  groups  of  ganglion 
cells  (Ziegler). 

Glioma. — ^This  is  the  most  common  tumor  of  the  brain,  and  like  the 
preceding  is  found  only  in  the  nervous  system.  It  occurs  with  especial 
frequency  iu  children  and  young  adults.  Such  tumoi-s  occur  in  all 
parts  of  the  brain,  but  they  are  found  most  frequently  in  the  cerebrum. 
Tliere  may  be  a  single  tumor,  or  there  may  be  several  such  tumors  in 
different  parts  of  the  brain ;  some  of  them  attain  a  large  si7,e.  Bramwell 
reports  a  case  in  which  considerably  more  than  one-half  of  a  hemisphere 
was  invoh'ed.  These  tumors  may  be  sharply  circumscril)ed,  or  mei^e 
imperceptibly  into  the  brain  substance;  sometimes  the  tumor  is  arranged 
so  as  to  form  tlie  wall  of  a  cyst  which  contains  clear  serum.  They  maj 
be  white  and  hard;  gray,  soft,  and  gelatinous;  infiltrated  with  small 
hiemorrhages  or  partly  degenerated  and  softened.  The  centre  of  a  gli- 
oma way  break  down  and  become  soft  and  necrotic  or  even  fiuid.  In 
this  way  a  eytit  is  formed  having  a  wall  of  gliomatons  tissue.  The  braiu 
tissue  around  these  tumors  may  be  intlamed  or  necrotic.  These  tumors 
arise  from  the  neuroglia.  The  relative  quantity  of  cells  and  fibrils  varies 
in  different  tumors.  They  are  composed  of  neuroglia  cells  and  their 
delicate  interlacing  processes  (for  minute  structure  see  "Glioma")-  If 
the  tissue  is  of  a  loose  formation  with  wide  meshes  between  the  fibres  it 
presents  a  myxomatous  appearance,  and  has  been  described  as  mpxo- 
glioma.  When  the  cellular  elements  are  very  numerous  the  tumor  is 
often  referred  to  as  a  glio-sarcama.  In  some  cases  the  vascularity  is  such 
a  marked  feature  that  the  name  of  tdangie<Aaiic  glioma  is  applied  to  it. 
(According  to  Ziegler,  a  simple  preponderance  of  cells,  so  long  as  they 
are  of  the  neuroglia  type,  does  not  warrant  classing  the  tumor  as  a  sar- 
coma, and  he  insists  that  the  latter  term  should  be  reserved  for  those 
gliomata  in  which  an  active  proliferation  of  the  connective  tissue  of  the 
walla  of  the  blood-vessels  occurs. )  Osier  reports  three  out  of  five  cases 
of  gliomata  as  made  up  of  large  cells  in  contradistinction  to  the  small- 
cell  variety. 
63 


Digitized  byGoOgIC 


834  THE  NBBVOUB  SYSTEM. 

Sarooma  occars  in  auy  part  of  the  brain.  It  may  be  single  or  multi- 
ple. The  tumors  are  composed  of  round  or  fusiform  cella  with  more  or 
less  basemeut  substance. 

Sndothelioma  is  found  in  the  subBtauce  of  the  braiu.  The  tumors  are 
of  the  types  described  as  occurring  iu  the  pia  mater. 

Angioma. — Small  collectious  of  dilated  vessels  are  found  in  the  sub- 
stance of  the  brain.  They  seem  to  be  congenital  like  the  nievi  of  the 
skin. 

Carcinoma  occurs  in  the  brain.  It  is  usually,  if  not  always,  secon- 
dary to  carcinoma  in  some  other  oi^n. 


Tumors  of  the  Coed. 

In  the  pia  mater  of  the  cord  are  sometimes  found  small  fibromata, 
oateomata,  and  lipomats.  Multiple  fibromata  occasionally  occur  iu  the 
cord  iu  connection  with  nudtiple  fibromata  of  the  peripheral  nerves. 

Sndotheliomata  of  the  types  described  as  existing  iu  the  pia  mater  of 
the  brain  are  much  more  rarely  found  iu  the  pia  mater  of  the  cord. 

A  fatty  larconia'  of  the  pia  mater,  which  infiltrated  the  cord,  formed 
a  tumor  as  large  as  a  filbert,  and  had  for  twelve  years  caused  gradually 
inciviisiug  paraplegia,  has  been  described. 

Two  ciirious  csises"  of  diffuse  sarcoma  and  one  of  endothelioma  of  the 
pia  mater  of  the  whole  length  of  the  cord  are  recx)rded.  They  occurred 
iu  girls  of  four -and -a -half,  sixteen,  and  twenty-two  years  of  age.  Id  each 
case  the  pia  mater  of  the  whole  length  of  the  cord  was  diffusely  thickened 
and  studded  with  nodules.  In  two  of  the  cases  the  growth  was  com- 
posed of  rouud  cells,  iu  the  third  ease  of  large  endothelial  cells  arranged 
in  alveoli.  In  two  of  the  cases  the  clinical  symptoms  lasted  only  for 
about  three  weeks,  in  the  third  case  for  five  months.  The  acuteuess 
of  the  symptoms  was  such  as  to  indicate  the  existence  of  spinal  menin- 
gitis. 

In  the  spinal  cord  itself  gUomata,  fibromata,  larcomata,  glio-iarcomata, 
and  angio-BBTComata  occur,  but  are  rare. 

When  gliomata  or  g I  io- sarcomata  do  occur  in  the  spinal  cord,  the  new 
growth  is  apt  to  extend  for  some  distance  lengthwise  in  the  cord  and  to 
be  attended  with  the  fonnatiou  of  a  cavity ;  this  condition  is  usually  de- 
scribed under  the  name  of  itjiringomyelia. 

Cytts  may  occur  as  a  result  of  softening  or  from  unknown  causes. 
Sometimes  very  long,  narrow  canals  are  found  iu  the  spinal  cord,  even 
reaching  nearly  itn  whole  length.  Some  of  these  are  evidently  tbe  di- 
lated central  canal,  as  they  are  lined  with  epithelium.  Others,  how- 
ever, doubtless  originate  in  htemorrhages  (see  Hsematomyetopore,  page 
704). 

Syringomyolia. — This  lesion  of  the  spinal  cord  consists  iu  the  formation 
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of  gliomatonsor  glio-sarcomatouB  tisane  in  the  vicinity  of  the  ceiitral  canal, 
and  its  subeeqnent  partial  ditdntegration  with  the  formation  of  one  or  more 


An  iTTCgular  cavlly  io  Uie  gny  mBOer  ot  tbe  sptiul  rord.  lined  by  a  tliirk  Ittjer  ol  gllomatouB  tissue. 

cavities  within  the  substance  of  the  cord  (Fig.  515).  These  cavities, 
which  are  filled  with  fluid,  vary  greatly  in  size,  shape,  and  extent,  and, 
while  usually  situated  in  the  central  region  of  the  cord,  may  involve  the 
anterior  and  posterior  cornua  and  invade  the  posterior  columns.  There 
may  be  two  communicating  cavities,  and  these  may,  but  usually  do  not, 
open  into  the  central  canal.  The  longitudinal  extent  of  these  cavities 
varies  greatly.  The  lower  cervical  and  npper  dorsal  regions  are  most 
frequently  involved.  The  cavity  is  usnaily  lined  with  tissue  somewhat 
denser  than  that  which  makes  up  the  bulk  of  the  tumor.  Thegliomatons 
or  glio-sarcomatons  tissne  which  forms  the  basis  of  the  lesion  in  syringo- 
myelia probably  originates  from  the  layer  of  neuroglia  which  surrounds 
or  extends  away  from  the  central  canal. 

Syringomyelia  is  frequently  mistaken  for  hydromyelia  which  is  a 
congenital  malformation,  and  in  which  the  longitudinal  cavity  in  the 
cord  is  at  some  period  lined  with  epithelial  cells.  Syringomyelia  has 
also  been  confused  with  hEematomyelopore. 

There  seems,  f  ni-thermore,  to  be  a  class  of  lesions  of  the  cord,  usually 
classed  as  syringomyelia,  in  which  cavities  of  various  forms  coexist  with 
a  tumor  in  the  vicinity  of  the  central  canal.  But  these  cavities  do  not 
appear  to  be  formed  by  a  breaking  down  of  the  tumor  tissue,  but  in  some 
other  way  as  yet  little  understood. 

Tumors  of  Nerves. 

The  tumors  of  the  nerves  may  be  divided  into  those  consisting  lai^ly 
of  or  containing  new-formed  nerve  tissue — tme  nenromatat  and  the  so- 
called  fUie  neuromata,  which  are  for  the  most  part  fibromata  or  myxo- 
matii  originating  in  the  connective  tissue  of  the  nerve  (see  Neuroma). 
Hyxo-sarcomata  are  less  common,  and  primary  sarcomata  rare.  The 
nerves  may  be  secondarily  involved   in   sarcomata  or  in  oaroinomata 
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tiirougb  which  they  pass,  though  uot  infrequently  nerves  pass  through 
theae  tumors  without  being  in  the  least  invoired  in  their  peculiar  struc- 
ture. Pftltauf  has  descril>ed  as  endotheliomata  rare  tumors  of  the  glao- 
dala  carotica. 

PAKA8ITBS. 

Cyiticerovf  and  more  rarely  eobinoooocui  occur  in  the  brain. 

HOLES  AND  OYSTS  IN  TEE  BBAIN. 

Larger  or  smaller  holes  may  be  found  in  the  brain  tissue  from  dilata- 
tion of  the  perivascular  lymph-spaces,  or  well-formed  cysts  may  exist 
as  a  result  of  beemorrhage,  inflammatory  softening,  hydatids,  etc 

PORENCEPHALl'S 

is  a  term  which  has  had  a  wide  range  of  application  to  various  defects  of 
the  brain  substance.  By  some  writers  the  term  has  been  used  to  cover 
almost  any  congenital  absence  of  brain  tissue.  By  others  brain  defects  not 
congenital  are  included.  Its  most  commou  application  is  to  certain  quite 
well-defined  congenital  conditions  in  which  there  is  au  absence  of  a  con- 
siderable portion  of  one  or  both  hemispheres.  These  holes  may  lie  deep 
in  the  substance  of  the  brain.  More  commonly  they  come  to  the  surface 
making  conical  depressions  in  the  cortex,  which  the  dura  mater  bridges 
over,  but  into  which  the  pia  extends.  There  may  or  may  not  be  commn. 
nication  with  the  ventricles.  This  condition  may  coexist  with  varioos 
mental  aberrations,  hydrocephalus,  etc.  Similar  defects  may  occur  Id 
the  cerebellum. 

Pineal  Gland. 

This  little  body,  about  the  size  of  a  cherry  stone,  is  composed  of  con- 
nective tissue  eucl(»siug  cavities,  which  are  filled  with  reticulated  tissue 
and  round  cells.     The  cavities  often  coutaiu  brain  sand. 

A  small  number  of  tumors  belonging  to  the  class  of  teratoma  have 
been  described  as  originating  in  the  pineal  gland. 

Weigert '  describes  a  tumor,  about  3.5  cm.  in  diameter,  composed  of 
epidermis,  hair  follicles,  hair,  sebaceous  glands,  cartilage,  fat,  smooth 
muscle,  and  cylindrical  epithelium. 

Falkson'  describes  a  ch ond ro- cyst o- sarcoma,  5.8  cm.  in  diameter, 
which  apparently  originated  in  the  i>iueal  gland. 

Turner"  describes  a  tumor  of  the  pineal  gland,  projecting  into  the 
third  ventricle  and  the  left  lateral  ventricle,  of  the  size  of  a  kidney.     The 
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tnmor  was  composed  of  fuBiform  cells,  of  nerve-ganglion  cells,  of  tiibnles 
and  acini  lined  with  cylindrical  epithelium,  and  of  more  irregular  spaces 
filled  with  large  polygonal  cells. 

Coats'  describes  a  tumor,  tliree  inches  in  diameter,  growing  into  the 
third  ventricle,  the  aqueduct  of  Syhius,  and  the  fourth  ventricle.  It 
was  composed  of  fusiform  cells,  of  tubnles  lined  with  cylindrical  epi- 
thelium, of  irregular  masses  of  epithelinm,  of  cartilage,  and  of  smooth 
muscle. 

Hypertrophy  with  cystic  degeneration  may  occur. 

B  into  the  substance  of  the  gland  has  been  described. 


HypophyBis  Cerebri  (The  Pituitary  Body.) 

This  structure  consists  of  two  lobes;  the  anterior  lobe  is  composed  of 
a  connective-tissue  stroma  enclosing  cavities  which  are  packed  full  of 
nucleated  cells  of  various  sizes  and  shapes,  some  of  them  resembling 
nerve  cells;  the  posterior  lobe  is  composed  of  vascular  connective  tissue. 

Tumors. — Weigert '  describes  a  tumor,  as  large  as  a  hen's  egg,  which 
resembled  in  its  structure  the  normal  anterior  lobe  of  the  pituitary  body, 
and  which  he  regards  as  a  hypertrophy  of  that  body.  "Weigert  also  de- 
scribes a  gummy  tumor  of  the  pituitary  body  as  large  as  a  hazelnut. 
Weichselbanm  describes  an  adenoma  of  the  pituitary  body  as  large  as  a 
pigeon's  egg,  closely  resembling  the  structure  of  the  normal  anterior  lobe 
of  this  body ;  a  small  lipoma ;  and  a  pituitary  body  with  colloid  cysts, 
lined  with  ciliated  epithelium. 

KethodB  of  Freporatioa  of  Nerve  Tiaaue  for  Hicroscopical  8tud7. 

Tlte  general  methods  of  bardeDing  have  alrendy  been  given  on  pages  16  and  19. 
For  niiDul«  study  there  is  no  one  method  of  staiuing  and  mounting  upoD  which  we  can 
rely  exclusiviily  for  tbe  study  of  all  lesions.  A  preliminary  examination  of  areas  of 
injlammnUrry  iofUning,  or  of  the  disintegrated  tissue  in  apoplectic  doU,  or  of  the  new- 
formed  tissue  in  thronit  Itainorrluigie  pnekymtiiingiiU  interna,  may  tte  made  by  tMising 
portions  of  the  affccled  tissues  in  oiie-half-per-cent  salt  solution.  Or  the  tissues  iu 
these  lesions,  or  in  any  others  in  which  fatty  degeneration  is  suspected,  may  tie  placed 
for  tweuty-four  hours  in  oneper-cent  aqueous  solution  of  osmic  acid,  and  then  washed 
and  teased  in  glycerin.  In  this  way  the  myelin  and  the  fat  will  be  stained  brown  or 
black,  ttecondary  and  other  degencralions  i>f  medutlated  nerves  may  be  studied  by 
soaking  the  nerves  for  twenty-tour  hours  in  one-pcr-cenl  solution  of  osmic  acid,  and 
then  staining  with  picrocarmine  and  teasing  and  mounting  in  glycerin. 

To  demonstrate  the  presence  of  miliary  aneurisms  in  or  about  apoplectic  clots,  it 
is  usually  necessary  to  macerate  the  brain  tissue  in  wat«r  until  tbe  nerve  elements  dis- 
integrate, and  tliey  may  then  be  washed  away  under  a  slream  of  water,  leaving  tbe 
blood-vessels  with  their  aneurisms  exposed. 

Marchi't  Method. — For  studying  early  stages  of  degeneration  in  meduUatcd  nerve 
fibres  this  method  is  invaluable.  It  depends  upon  the  fact  that  while  myelin  and  fat 
both  stain  black,  when  the  fresh  nerve  fibres  are  placed  directly  into  osmic  acid,  a  pre- 
liminary soaking  in  a  solution  of  potassium  bichromate  so  affects  the  tissue  that  the 
myelin  sheaths  of  normal  fibres  no  longer  impregnate  with  osmiun,  the  fat  droplets 
alone  staioiog. 

'  Trans.  London  Path.  8oc.,  xxxvill.  •  Virch.  Arch.,  liv.,  p.  31fl. 
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Tissues  are  flrat  h&idened  from  odu  to  Uiree  weeks  Id  HDller's  fluid,  or  sitnpif  id  t 
two  or  three  per  ceut  aqueous  solution  of  potassium  bichromate.  Tbey  art  then 
tmuBferred  to  a  mixture  of  one-per-ceDt  aqueous  solution  of  osmic  acid  one  part. 
Holler's  fiuid  two  parts,  where  tbcy  remaiD  from  three  days  to  a  week. 

By  following  the  lines  of  fat  droplets,  degeoemtlvc  changes  in  nerve  fibres  may  be 
traced  either  Id  the  peripheral  nerves  or  in  the  central  nervous  system. 

Eima-Ilamati^lin  Staining. — Suppurative  inBammatiou  of  the  central  nervous 
system  and  its  meiiibrBOes,  or  the  connective -tissue  changes  In  general,  may  be  studied 
in  sectloDH  from  the  tissues  hardened  In  MDlier's  fluid  and  alcohol,  stained  double  wilh 
hEematoxyllD  and  cosin  (see  page  59),  and  mounted  In  Canada  balsam, 

Weigert't  Method. — A  very  useful  method  of  staining  sections  of  nerve  tissue,  espe- 
cially of  the  braiD  and  cord,  is  that  known  as  WeigerCt  hamatotylin  method.  The  tisEiK 
Is  first  *ell  hardened  in  MQller's  fluid. 

Blocks  of  the  hardened  tissue  are  embedded  lu  celloidin  and  sections  made  in  the 
usual  way.  The  Be<-tIoD8  arc  first  soaked  for  twenty -four  hours  In  a  saturated  aqueoui 
BolutioD  of  neutral  cupric  acetate  diluted  with  an  equal  bulk  of  water,  or.  if  the  material 
has  been  kept  some  time  and  takes  the  htematoxylln  stain  with  difficulty,  a  bet t<!r  result 
is  of  ten  obtained  by  soaking  the  sections  for  from  twelve  to  twenty- four  hours  in  a  tht«e 
to  five  per  cent  aqueous  solution  of  bichromate  of  copper  before  staining.  They  are 
now  thoroughly  washed  twice  Id  water,  then  in  alcohol,  and  then  are  transferred  to  the 
bteroatoxylln  solution,  made  as  follows; 

Hieniatoxyllu  crystals 1  gm. 

Alcohol.  97  percent 10  c.c. 

Water 90    " 

Saturated  aqueous  solution  lithium  carbonate 1    " 

Id  this  solution  the  sectionH  remain  for  two  hours.  (If  the  finer  fibres  of  the  cere- 
bral cortex  are  to  be  brouglit  out  the  sections  must  remain  for  twenty. four  hours  in  the 
hematoxylin  solution,)  The  sections  are  now  thoroughly  washed  In  two  or  threr 
waters  and  transferred  to  the  bleaching  solution,  composed  as  follows: 

Potassium  ferricyanide 2.5  gm. 

So<llum  biborate 2.      " 

Water 200      c.c. 

In  tbls  fluid  the  sections  discharge  a  brownish  color,  and  they  remain  in  it  until  the 
gray  matter  has  a  distinct  yellow  color  and  the  white  matter  is  bluish-black.  The 
time  required  to  produce  this  cSect  varies  considerably,  and  is  usually  from  half  so 
hour  to  an  hour.  The  sections  are  now  washed,  dehydrated  with  alcohol,  cleared  up  in 
oil  of  cloves  or  oil  of  origanum,  and  mounted  in  balsam.  The  sections  may  be  stained  in 
alum  carmine  before  dehydratiou,  to  bring  out  the  nuclei.  In  sections  stained  by  this 
method  the  gray  matter,  counective-tlssue  elements,  and  ganglion  cells  have  a  yellnnr 
or  yellowish -brown  color,  the  axis  cylinders  are  uncolored  or  have  slight  yellowish  tint. 
wliile  the  medullary  sheaths  are  bluish-black  or  black. 

ifiW«  Staiaiiig  Method. — There  are  several  variations  of  this  method,  but  the  fol- 
lowing gives  good  results  in  most  cases: 

"Die  essential  feature  of  the  so-called  Nissl's  method  is  the  application  of  the  aniline 
dyes  to  the  staining  of  certain  structural  elements  in  the  nucleus  and  cytoplasm,  which 
are  distinguished  from  the  other  structures  of  the  cell  by  a  differeutiatlng  decolorira- 
tlon  with  alcohol. 

Methylene  blue  is  the  most  generally  useful  of  the  aniUne  dyes  for  this  purpose. 

The  specimens  should  have  been  carefully  hardened  in  sublimate  solution  or  in 
alcohol  or  In  formalin. 

Very  thin  sections  are  stained  in  one.per-cent  solution  of  methylene  blue.  The 
staining  may  be  eHected  on  a  slide  on  which  the  sections  are  floating  in  the  blue  solu- 
tion by  gently  heating  over  a  lamp  until  the  fluid  Bt«amB. 

The  sections  are  now  transferred  to  a  mixture  of  absolut«  alcohol  90  parts, 
with  aniline  oil  10  parts,  in  which  the  differentiation  is  effected  by  the  use  of  succestive 
fresh  portions  of  fluid  until  slight  but  distinct  differentiation  in  color  is  seen  between 
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the  gmj*  and  white  matter  of  the  nerve  tissue.  The  exact  degree  of  Jecoloiizatiou 
which  gives  the  best  pictures  will  be  learned  bj  practice  of  the  mctbod.  In  maDy  caeea 
the  use  of  alcohol  alooe  without  ouiliue  nil  is  preferable  to  Ihe  mixture,  ood  in  any  case 
the  sections  should  always  be  washed  In  strong,  pure  alcohol  before  passing  on  to  the 
xylol.  The  sections  are  now  freed  from  the  bulb  of  the  alcohol  upon  the  slide,  cleared 
in  xylol,  and  mnunled  in  dammar  varnish.  In  which  the  color  is  apt  to  be  preserved 
better  tlian  in  balsam.  By  this  procedure  the  chromophilic  bodies  in  the  cytoplasm  of 
ganglion  cells  are  sharply  differentiated,  and  thus  abnormal  conditions  may  be  detected 
in  them  (see  Plate  XIII.). 

A  contrast  stain  with  erjthrosin  (Held ')  is  useful  in  demonstrating  cell  structures 
which  are  not  visible  with  the  simple  Nissl  staining.    This  may  be  secured  as  follows: 

The  seclions  are  first  warmed  from  one  to  two  minutes  in  the  following  solution : 
erythroalD,  gm.  1 ;  aceb^ne.  gtt.  ij. ;  aqua  dest.,,  150  c.c.  They  are  then  washed  tbor^ 
oughly  in  water  and  transferred  to  a  solution  consisting  of  equal  parts  of  Nissl's  methy- 
lene blue  solution  and  a  live-per-cent  aqueous  solution  of  acetone.  In  this  ttiey  are 
warmed  until  the  odor  of  acetone  ceases  to  be  given  off.  The  sections  are  decolorized 
In  a  one- tenth -per- cent  solution  of  alum  until  they  appear  red  in  color,  and  ore  then  de- 
hydrated in  alcohol  and  cleared  and  mounted  in  tiie  usual  way. 

'Htld,  Arch.  f.  Anat.  und  Pbys.,  anat.  Abt.,  1895,  p.  396;  1897,  p.  301. 
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cysts,  atheromatous,  of.  4S1 
degenerations  of,  82,  449 
hepatic,  lesions  of,  586 
iufiammatioo  of  (see  ArteriUs),  460 
mesenteric,  aneurism,  miliary,  of,  409 
pulmonary,  aneurism  of.  469 
pulmonarr,  embolism  and  Ibrombosis 

of,  486 
renal,  embolism   aad  thrombosis  of, 
617 


Arteries,  spinal  cord,  lesions  of,  797 

syphilis  of,  456 

terminal,  emboli  in.  76 

tuberculosis  of,  405 
.     tumor  emboli  in,  460 

tumors  of,  460 

ulceration  of,  451 
Arterio- sclerosis  (see  Arteritis),  400 

classification  of,  4M 

conditions  leading  to,  4S4 

forms  ot,  454 

-  Arteritis,  acute.  400 

'  chronic,  450.  454 
peri-,  nodosa,  404 

-  Arthritis,  chronic,  700 

deformans,  751 

eiudatlve,  749 

gonococcal,  750 

gouty,  751 

pneumococcic,  750 

rheumatic.  750 

sero-flbrinous,  749 

serous,  746 

suppurative,  750 

tuberculous,  751 

uriticB,  701 
Arthropathy,    hypertrophic    pulmonary, 

ref.  867 
Arthropods,  142 
ArtbrospOTes  (sec  Arthrogenoua  Spores). 

147 
Aacaris  In  bladder,  urinary,  604 

in  pancreatic  duct,  5612 

lumbricoides,  188,  610 

maritima.  138 

mystas.  188 
A»A,  on  excretion  of  bacteria  by  lildneys, 

A»ehoff,  on  compensatoiy  hypertrophy. 
98:  on  cysts.  807:  on  Ehrlich's  hypoth- 
esis, 196;  on  parenchyma  cell  ewbO' 
llsm,  76:  on  regeneration,  etc.,  106;  on 
tumors.  SOS,  849 
Aaciles,  668 

chylous,  465.  069 

in  cirrhosis,  099 
Asiatic  cholera  (see  Cholera),  288 
Aspergillus  glaucus,  160 
Asphyxia,  lesions  of.  48 
Ataxia.  cerel)ellar.  820 

Friedreich's.  819 

heredllary,  819 

locomotor.  818 
Ataxic  paraplegia,  818 
'  Atclecta^s  of  lungs,  486 
Atelomyella,  788 
Atheroma.  451 

Atrophia  musculorum  lipomatoaa,  756 
Atrophy.  78 

acute  yellow,  of  liver,  688 

brown,  of  heart.  428 

degenerative,  79 

•f  adrenals,  416 

of  blood-vessels,  447 

of  bones,  736 

of  brain,  786 

of  fat.  pericardial.  438 
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AtTopby  nf  heart,  42« 

of  kidney,  615 

of  liver.  "588 

of  lymph  DoleB,  892 

of  muHcle,  754 

of  pancreoH,  5TT 

of  prostati',  722 

of  spleen.  40R 

of  sloniacb.  5SS 

of  tc-sticles.  717 

of  thjmuB,  412 

of  thyroid.  418 

of  uterus,  668 

prxiKrcBsive  muscular.  811 
Averhnrli.  on  typhoid  bacilli  In  blood,  2SS 
Aiifredit.  on  experiineDtal  pneumonia,  499 
AutoliieuiolysiB.  1H7 
Auto-iotoxiCHliou,  165.  850,  358 

acromegalia.  367 

Addison's  disease  as  an,  863 

buma  as  eXL'itaDtB  of,  48 

cacliexia  struiniprivH  as  an,  362 

diabetes  as  an,  3&4 

dysL-raslc,  860 

euterogenic.  8^9 
loptithalinic  goitre  as  an,  863 


f?" 


1,855 


196 


retention,  859 

scorbutus  as  an,  366 

BUu stroke  as  an.  305 
Autolysis,  92,  186,  201.  492 
Autopsies  In  new-born  cliildrcD,  89 

making  of  (sec  Post-mortem  Exami- 
nalions),  3 

medico-legal,  37.  88 
Axis-cylinder  prcicesa,  nature  of,  799 
Axunc.  degenerations  iu,  802 

nature  of.  799 
Axone-bill.  800 

Bntie*.  on  bacteria  In  cadaver,  5;  on  btem- 

orrhaglc  infection,  267 
BucillMseu  Bacillus),  144 
Bacillus.  144 

"lie id-proof,"  group  of,  258 

aGrogcues  CApsulatus,  267 

antlinicis,  323 

chotenc  gallinarum.  267 

coli  communis.  210,  237 

coujnpctiviiidis,  327 

diphtlicrlii;,  3.'>9 

dipbtlierle,  action  of.  In  animals,  263 

dlplitlicriiE,  brandling  forms  of,  261 

dipbtlierit^,  characters  of,  261 

diphtherin.',  group,  363 

diphtheria'  in  lungs,  ref.  361 

diphclicrlft'  in  mouths  of  healthy  per- 
sons, ref,  263 

diphtheHiF.  toxin  of,  363 

diplitheriie.  varieties  of,  362 

Viin-eji'ii.  230 

dysenteriff.  556 

Frifdlnnder'K,  213 


Bacillus,  glanders,  319 

"grass."  358 

"hay,"  253 

hiemorrhagicus,  367 

bEemorrbagicus  scplicus.  267 

btemorrhagicus  velenosus,  267 

icteroldcB,  372 

influenzte.  336 

lepnc,  349,  255 

Luitgarttn't,  3S7 

mallei,  219 

(Edematta  mallgni,  368 

pestls.  366 

plague,  266 

pneumoniffi,  FHedMnder't,  212 

proteus,  group  of,  313 

proCeus  vulgaris,  212 

paeudo-diphtherlte,  363 

pseudo-influenza;,  327 

pseud  o-l«tanic  us,  364 

pseudo-tube rculoaia.  320 

pseudo-tuberculosis  liiiuefaciens,  230 

pyocyaneus.  211 

pyocyaneus  in  dysentery,  557 

pyogenes  fwtidus,  210 

rhinoscleromatis,  269 

Shigii'i,  536 

smegma.  353 

suipestia,  367 

sulseptious.  367 

letani,  268 

tetanua  group.  264 

tuberculosis,  341 

tuberculosis,  branching  forms  of,  246 

tuberculosis,  churacters  of,  346 

tuberculosis,  dead,  action  of,  349 

tuberculous,     differentiation       from 

smegma,  35: 
tuberculosis   i 

nodes,  ref,  553 
tuberculosis,  numbers  of.  In  lesions. 

251 


lymph- 


tuberculosls,  varieties  of,  349 

typhi  murium,  367 

typhosus.  327 

typhosus  in  bladder,  ref.  Gi/>tnallman. 

663 
WiOchii.  267 
Bacteria.  143 

action  of  cold  on,  147 
action  of  germicides  on,  148 
action  of  heat  on,  147 
action  of.  in  body,  164 
ociion  of.  In  soil,  etc.,  148 
ftCrobic.  147 
aCrogenic,  149 
anaerobic.  147 
biology  of,  147 
capsules  of,  148 
chemotaxis  in,  148 
chromogenlc.  149 
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Bacteria,  classfflcatioo  of.  151 
colon,  group  of,  210 
coloDiea  of,  l&S 
commensals  in,  161 
conditions  of  damage  In  bixly,  171 
conditions  of  life  of,  147 
cultivation  of.  154 
culture  media  for,  156 
destruction  of,  in  body,  173 
distriliutioD  of,  14».  149 
distribution  of,  in  liody  after  death, 

rcf.  169 
etimioation  of,  from  body,  103,  173 
enzymes  of.  149 
examination  of    post-morteia   speci- 

mens  for,  37 
filamentous,  145 
flagetia  of,  143 
forms  of,  148.  14S.  14« 
Gram's  inetbod  of  staining,  158 
groups  of,  198 
growUi  of,  147 

Erowtli,  aggregates  of,  145 
Igticr  forme  of,  145 
'-  air.  149.  163 

appendii,  565 

blood,  ref.  384 

body, 163 

bladder,  urinary,  652 
iu  bronchitis,  477 

cadaver,  5 

dust.  150 
iu  fermentation  and  putrefaction,  14B 
in  gall  passages,  613 
in  gangrene  of  lung,  488 

heart.  448 

Intestine,  rcf.  560 
in  kidneys.  624,  62l> 

lungs,  ref.  500 

lymph  nodes,  393,  400 
In  mouth,  335 
in  nose,  467 

pericarditis.  421 

peritoneum,  570 
in  pleuritls.  473 
in  soil,  150 

spleeu,  407.  413 
iu  suppuration,  301 
insusceptibility  to  action  of,  173 
'-I  tonsillitis,  538 
I  urinary  passages,  ref.  Faltin.  663 
1  vagina,  66S 
ivolutiou  forms  of,  144 
in  water,  150 
metabolism  of,  148' 


163 

modification  of  characters  of,  151 
monomorphism  in,  146 
roolility  of,  148 
inultiplication  of,  144,  147 
occurrence  of,  in  the  body,  163 
parasitic.  150 
pathogenic,  163 
photogenic,  149 


lEX.  845 

Bacteria,  pleomorphism  in,  146 
poisons  of.  ref.  164 
polymorphous,  14G 
portals  of  entry  of,  163 
products  of.  action  of.  In  body.  164 
proof  of  infective  nature  of,  166 
protection  of  the  body  against,  163 
protective  actiou    of   skin,  et«., 

against,  rcf.  163 
proteins  of,  164 
ptomaines  formed  by,  149 
"pyogenic,"  304.  310 
relation  lo  other  forms  of  life,  160 
rod,  144 

r61e  of,  in  nature,  148 
saprophytic,  160 
species  in.  151 
spheroidal,  148 
spiral,  144 
spores  of,  146,  147 
Staining  of,  153 
sterilization  of,  147 

Smbiosis  among,  151 
emiophilic,  147 

toxalbumiua  formed  by,  149 

toxins  of,  149,  164 

uttramicroscopic,  387 

vacuoles  in,  146 

varieties  In,  151 

zooglcea  forms  of,  145 

zymogenic,  149 
Bactericemia,  302 
Bactericidal  immunity,  181 
Bacteriolysis,  181 

Bacteriolytic  action  of  cholera  serum,  241 
Baileg  and  Eieing,  on  I^ndry's  paralysis. 

Balanitis,  714 

Balantidium  coli,  138 

Baldmn.  on  carcinoma  of  pancreas,  581 ; 
on  elastic  tissue  in  tumors,  808 

Bardeea,  visceral  lesions  with  burns,  48 

Barker,  on  nervous  system,  7ff7,  803,  807 

B/medoie'ii  disease,  SSi 

Bathford  and  Murray ,  on  atypical  mitosis 
In  tumors,  803 

Batten,  on  nerve  lesions  iu  diphtheria.  360 

Bavmgarteit.  on  coronary  arteries,  438 

Beck,  oil  diplitlicria  buclllus,  363 
on  itiniien/a  bacillus.  336 

Becker,  on  rhabdomyoma  of  testicles,  721 

Btea,  oa  bacteria  in  luugs,  500 

Behriiig,  on  intestine  as  portal  of  entry  of 
tubercle  bacilli.  352 

Bemtii,  on  miliary  tubercles,  243,  600 

Beri-beri,  379 

Bei-keltry.  on  laboratory  work  with  mos- 
quito, 288 

Bemheim  and  (iniier,  on  mixed  infection, 
108 

Berry,  on  lesions  of  appendix,  666 

Bert/ienaoji,  on  heart  tumors,  447 

Bettmana,  on  fibrinous  bronchitis,  478 

Bemiiinii  and  Labbe.  on  germicidal  action 
of  lymph-nodes,  163 

Biedl  and  Kraut,  on  elimination  of  bacte- 
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BiUingt  and  Capp»,  ou  leuktcmlA,  888 
Birch- IliTtchfdd.  on  eutraoce  of  bacteria 

by  iDtestiot.  S71 
BircA-lIime/ifeld  anil  QiiTlen,  oa  tranapltui- 

tatlna  oF  tissui-s,  296 
mrt  and  Lamb,  on  Malta  fever,  26fi 
Bitzojd-o,  OQ  regeneration,  04 
"Black  leg,"  269 
Bla<lder,  gall,  lesioua  of,  610 
-  ■  urinary,  647 

urinary,  bacteria  in.  662 
urinary,  calculi  Id,  654 
urlDary.  changes  iD  posltiou  and  size 

of,  M7 
urinarv.  circulatory  disturljaDces  of, 

649' 
urinary,  cysts  of,  654 
urinary,  dilatation  of,  647 
urinary,  diverticula  of,  648 
urinary,  extroversion  of,  647 
urinary,  foreign  Ixxlies  Id,  654 
urinary,  lucmorrhage  of,  649 
urinary,  hernia  of,  648 
urinary,  hyperKmia  of.  649 
urinary,  liyperplasia  of  epitbeiium  of, 

661 
urinary,  byiiertrophy  of,  64fl 
urinary,  iunammation   of  (see   ('yatl- 

tis),  650 
urinary,  mat  formations  of,  647 
urinary,  parasites  of,  654 
urinary,  perforation  of,  848 
urinary,  post-mortem  examination  of, 

84 
urinary,  preservation  of,  84 
urinary,  rupture  of.  648 
urinary,  tumots  of.  65S 
urinary,  wounds  of,  648 
Blastoniycctcs,  143,  159 
iHennorrlioea,  199 
Btocq    aiul     Marine*eo.    on     Friedreich's 

ataxia.  820 
BlcHid,  87S 
air  ill,  384 
alkalinity  of.  ))72 
bacteria  in,  303 
Imcteria  in.  ref.  Kiihmnn,  384 
Iwcteria  in,  in  acute  lobar  pneumonia. 

ref.  493 
carbonic  oxide,  effects  of,  on,  857 
cells,  red,  agglutiuation  of,  190 
cells,  ml.  altitude,  intluence  of,  on, 


cells,  red.  destruction  of,  874 
ceils,  rc'd.  devehipment  of,  106 
cells,  red,  diminution  of.  878 
cells,  ml,  morpliolngicai  changes  in, 

375 
cells,  red,  nucleated.  377 
cells,  red,  number  of,  378 
cells,  red,  pigment  of,  874 


Blood  cells,  red.  polycbromatopbilia,  S87 

cells,  red,  regeneration  of,  106 
cells,  white  (see  Leucocytes),  377 
changes  in,  after  extravasation.  70 
changes,  post-mortem.  S 
changes,  post-mortem,  in  poaition  of, 

4,9 
circulation  of.  changes  in.  6B 
clot,  test  for,  by  precipitin,  191 
coagulability  of.  872 
degenerative  clianges  in,  881 
diminution  of,  873 
examination,  methods  of,  882 
examination  of,  in  malaria,  280 
extravasation  of.  69 
fat  in,  S83 

foreign  bodies  in.  383 
general  diseases  of,  885 
Etemoglobln  in.  873 


parasites  in.  884 

pigment.  87,  381 

pigment,  lest  for,  88 

platelets  in  thrombi,  73 

plethora.  873 

regeneration  of,  105.  885 

relationship  by  precipitin.  101 

serum  as  culture  metlium,  15S 

serum,  germicidal  powers  of,  181 

test  by  precipitin.  191 

water  of,  873 
Blood-vessels,  447 

aneurisms  of,  456 

atrophy  of,  447 

lomiaiion  of.  104 

degeneration  of.  82.  449,  796 

hypertrophy  of.  447 

intlammatlon  of.  450,  462 

lesions  of,  in  brain  and  cord.  797 

syphilitic  changes  in,  ref.  250 

tuberculosis  of.  455,  463 
Mitmenthal.  on  infection,  167 
Blumtr,  on  iwcteriology  of  lobular  pneu- 
monia,  499;    on    myoma,   cystic,    of 

round  ligament.  678:  on  tuliercuiosis 

of  aorta,  455:  on  tuberculosisof  stom- 
ach, 588 
Blittiier  and  Laijd.  on  hiemorrbagic  septi- 
caemia, 269 
Biumer  and  MacFarlane,  on  noma.  660 
Body,  safeguards  of,  against  infection.  162 
Boils  (see  Furuncles),  199 
Bone,  728 

abscess  of.  784 

aua'mia  of.  744 

atrophy  of.  726 

bibbography  of  lesions  of,  74B 

carles  of,  739 

cysts  of.  749 

decnlciflcation  of,  54 

enostoses,  exostoses,  and  osteophytes 
of,  746 

formation  of,  in  muscle.  780 

fractures  of,  727 

btemorrhage  of,  726 
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Bone,  healtng  of  fractures  of,  737 

hypenemia  of,  726 

hyperoatoeiB,  746 

la&mmatton  of  (see  Osteitis  and  Peri- 
osteitis),  798 

lesions  of.  after  typhoid  fever,  385 

marroiT  in  aneenua  and  teukiemia,  744 

marrow,  malarial  lesions  of,  385 
■    necrosis  of,  788 

new-boni,   post-mortem  examination 
of,  43 

rachitic,  740 

regeneration  of.  lOS 

sequeBtrum  in.  738 

softening  of  (see  Osteomalacia),  744 

syphilis  of,  Tdl,  78« 

tuberculosis  of.  731,  736 

tumors  of,  745 

ulceration  of,  789 

wounds  of,  737 
Bordet.  ret.  to  studies  on  immunity,  182 
Biirtt,  on  inflammation.  126;  on  sacral  tu- 

moH,  305:  on  tumors,  349 
Bottroem,  on  tumors  cif  pia,  775 
Bothriocephalus  cordatus,  187 

cristatiis.  137 

latUB,  137 
Bottomkji.   on    operation  in   tuberculous 

peritonitis,  573 
Boraird,  on  tuberculous  bronctiial  lympb- 
nodes,  398:  on  splenomegaly,  411 


783 

actinomycosis  of,  832 
ansmia  of,  788 
aneurism,  miliary,  of.  459 
apoplectic  foci  iu,  790 
apoplexy,  serous,  of,  789 
atrophy  of,  786 
blood-vessels,  lesions  of,  TS7 
cepbalocele,  783 
circulatory  clianges  In,  7S7 
cyclopia,  781 
cysts  of,  886 

degeneration,  neurone  in,  803 
degeneration  of,  795.  797 
degeneration,  secondary,  of,  809 
dissection,  methods  of.  11,  14 
embolism  in.  794 
enceplitllocele,  782 
examination,  post-mortem,  of.  10 
fixative  and  hardening  mettaoda  for,  16 
hemorrhage  oF,  769 
hernia,  783 
holes  in,  886 
hydrenccphalocelc,  783 
bydromeuingoci^le.  782 
hypenemia  of.  788 
hyperti'ophy  of.  786 
inflammation   of    (sec    Encephalitis}, 


i  lesions  of  (see 


3X.  847 

Brain,  malarial  lesions  of.  385 
malformations  of,  781 
mantle,  demonstration  of,  15 
Meynert's  method  of  opening,  14 
microcephalia.  783 
morphology  of,  797 
new -bora,  40 

-  (edema  of,  760 
parasites  In,  886 
pigmentation  of,  787 
preservation  of,  16 
removal  of,  at  autopsies,  10 
sand,  764,  766,  774,  781 

—  sclerosis  of,  837 
softening  of.  795,  820 
structure  of,  797 
By-philis  of,  778,  831 
tuberculosis  of,  773,  880 
tumors  of,  833 
vascular  changes  ic 
ventricles,  nature  i 

Ependymitls),  778 
ventricles,  tumors  of,  761 
weight  of,  11 
Branchial  clefiB,  carcinoma  of,  ref.  Foicert. 


clefts  and  flstulie,  536 
Brews,  on  cystic  myoma  of  uterus.  678 
Brieger  and  Ehrlieh.  on  degenerations  in 

spinal  cord.  804 
Bngidi  and  PiceoU,  on  persistent  thymus 

and  Hodgkin's  disease,  413;  on  thymus 

hyperplasia,  301 
Brill  and  lAbman.  on  calcification  of  liver, 

.';93 

Brinkerhoff.  on  smallpox.  276 
Bronchi,  476 

casts  of,  478 

dilatations  of,  479 

examination,  post-mortem,  of.  35 

hiemorrhage  of,  476 

inflammation  of  (see  Bronchitis).  476 

ossification.  48 1 

presentation  of,  26 

"  trabeculation  "  of,  477 

tumors  of,  481 
Bronchial  lymph-nodes,  lesions  of,  481 
Bronchi  ectasia.  479 
Bronchiolitis,  exudative,  479 
Bronchitis.  476 

bacteria  in,  477 

capillary.  495 
-    catarrhal,  acute,  476 

catarrhal,  chronic,  477 

croupous,  478 

fibrinous.  478 

pseudomembranous,  478 
Broncho -pneumonia.  494 

excitants  of.  498 
-  tuberculous,  509 
BrookM,  on  acromegalia,  367 
Bronze  skin,  88 
Broaeh,  on  cesopbageal  diverticula,  581 :  on 

tumors  and  trauma,  397 
Broth  as  culture  medium,  155 
Brouardd,  ref,  sudden  death.  40 
Brmeii,  on  snake  poison,  857 
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Brovii  and  Thiry,  on  diphtheritic  septice- 
mia. 261 

Brum  and  Kaeper.  on  relations  of  colon 
and  typhoid  bacilli,  238 

Bubonic  plague,  260 

Biwhbiiider.  on  entrance  of  bacteria  by  in^ 
teatine,  671 

Buday,  on  cysHc  adeooma  with  ciliated 
epithelium,  709 

Buiitm.  Bunimary  of  peritonitis,  673 

Biiiitiug,  OD  leiicocytic  Bora,  18.1 

Burning,  IchIods  in  deatli  from,  48 

Bvller.  on  abnormalities  of  thoracic  duct, 
46.1:  on  membranous  enteritis  and  co- 
nils,  660 

BtiHte,  on  tumors  of  kidneys,  044 

BuUuer.  on  peritonitis,  671 

Buxton,  on  gfant  cells,  116 

Cabot,  on  blood.  UUl 
Cachexia  in  tnmurs,  295 

strumlpriva,  861 
Cadaveric  cbanges  in  stomach.  684 

livldlty.  4 
-  Ctecum,  inflammation  of,  661 

-  tuberculosis,  hj'perplaslic,  of,  661 
Calcareous  Inflltration,  87 
Cakillcatioa,  87 

of  arteries,  44fl,  462,  767 

of  cardiac  thrombi.  488 

of  heart  valves,  444,  446 

of  kidneys,  622 

of  liver.  693 

of  muscle,  768 

of  penis.  715 

of  pleura,  473 

of  spleen  capsule,  410 

of  veins,  462 
Calculi.  87 

of  appendix,  S64 

of  bilc-ducts,  613 

of  bladder,  urinary.  664 

of  gall-passages.  613 

of  iDlestines,  6S8 

of  kidneys.  643 

of  pancreatic  ducts,  582 

of  prepuce,  716 

of  prostate.  735 

of  seminal  vesicles.  722 

of  tonsil.  528 
Calking,  on  Cjtoryctcs  variola.  277;   on 

protozoa,  128 
Callus  bi  healing  bone.  728 
Caivarium,  removal  of.  B 
CamiMl,  on  leptotbrix.  225 
Cancer  (sec  Carcinoma).  838 
Oman  and  Pielidce,  on  incitantof  measles. 

278 
(  autharidLs  poisoning  856 
Cspillaries   lisionsof  464 
t  ipi    on  aneurism  of  coronary  arteries, 

4» 
{  apsults  brood   of  tapeworms,  136 
Caput  succtdaneum   38 
Carbolic  acid  poisoning,  356 
Carbonic-acid  poisoning,  858 

oxide  poisoning,  357 


Carbuncle,  IW,  221 
Carcinoma,  330.  888 

characters  of,  888 

colloid  (see   Carcinoma,  gelatinous) 
348 

cylindrical-celled,  342,  347 

degeneration  in,  342 

epitheliomatous  type  of.  848 

forms  of,  342 

flbro-,  847 

gelatinous.  848 

giant -celled.  846 

medullary.  847 

melano',  848 

molte.  347 

royxoniatons,  848 

neuro-,  846 


ofai 


^460 


of  bladder,  urinary,  668 

of  bone,  749 

of  bralu,  834 

of  bronchi,  481 

of  ependyma,  781 

of  Fallopian  tubes,  703 

of  gall  bladder  and  ducts.  618 

of  heart.  447 

of  intestines,  668 

of  kidneys.  644 

of  larynx.  470 

of  liver,  606 

of  lung.  620 

of  lymph- nodes,  400 

of  mamma.  710.  736 

of  moutli,  524 

of  muscle,  760 

of  nerves,  835 

of  a-sopliagus,  933 

of  ovaries,  693 

of  pancreas.  581 

of  parotid.  677 

of  penis.  715 

of  pericardium,  422 

of  peritoneum,  573 

of  pharynx,  530 

of  pleura,  476 

of  prostate,  724 

of  salivary  glands,  677 


of 


715 


of  seminal  vesicles,  723 

of  spleen,  411 

of  stomach.  543 

of  testicles,  731 

of  thyroid,  415 

of  tongue.  625 

of  tonsil,  580 

of  urethra.  060 


of  u 


s.  681 


of  vagina,  668 
of  veins.  464 
of  vulva,  661 
scirrhous,  347 
simplex,  843,  847 
squamous-celled,  843 
Btatlslics,  ref.  842 
lelangiectoidcs,  847 
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Careu  and  Lyon,  on  pseudomembimDous 

iQnaiQinatlon  in  pneumonia,  215 
Caries  of  bone,  789 
Carroll,  on  yellow  fever.  378 
Carttr.   on   mosquito   and   yellow   fever. 
37S;  on  elimination  of  pigment  by  kid- 
neys, 634 
Cartilage,  regeneration  of,  105 
Caryoctromea,  798 

Caseation  (see  DegeDemt.ion.  Clieesy).  93 
Casts,  of  kidney,  818 
Catarrh,  purulent,  19B 
Catarrhal  inOammation.  128 
Celloidin  as  embedding  medium.  54 
Cells,  "beaker,"  in  bronchitis,  477 

chemistry  of,  as  related  to  Ebrllch's 
hypothesia,  177 

division  of.  95 

division  of.  araitolic,  98 

division  of.  direct,  88 

dlviaion  uf.  indirect,  9S 

division  of,  mitotic,  95 

eosinophile,  878 

nerve,    Nissl     method    of    ataintng, 

8Se 
DUtrltion  of,  relation  of.  to  theories  of 

immunity,  177 
plasma,  60.  103,  119,  346 
prickle,"  in  epithelioma,  348 


98 

regeneration  of,  impulse  to.  100 

reversion  of.  in  pneumonia,  fiOl 

spider.  837 

transplantation,  296 

red  blood,  373 

white  blood.  377 
Cellular  toxins,  ref  184 
Centrosome,  93 
Ceplialhiematoma.  40 
Cephalocele  (see  Malformations  of  Brain), 

783 
Cercomonaa.  180 
-    Cerebellum,  tubercles,  solitary,  of,  831 
Ccrebnispinal  nieniugltis,  acute,  318 
CerenrilU,  on  intestinal  tncteria,  560 
CestodB,  184 
Chalicosis  of  lung.  003 
Chancre,  250 

soft.  220 
Chancroid.  330 
Cliarbon.  231 

Charhoii  tymptomatigut,  389 
Charcot's  crystals,  745 
Charcot-Leyden  crystals,  881.  390 
Cheese  poisoning.  868 
Cheesman  attd  MelUer.  on  local   predispo- 
sition to  infection,  163 
Cheesy  degeneration,  98 
Chelotd.  809 
Chemotnxis,  111 

in  bacteria.  148 
Chiari,  on  auto-digestion  and  fibrosis  of 
pancreas.  577;  on  Inflammation  of  por- 


tal vein,  687;  on  typhoid  fever  without 
lesions.  235 
Ghibrtt,  on  adamantinoma,  ref.  349 
Vhitleiid^ii  aitd  Albro,  on  skin   pigment, 

89 
Chloral -hydrate  poisoning.  357 
Chloroform  poisoning,  857 
Chloroma,  320 
Chlorosis.  385 
Cholangitis,  610 
■  Choleliniiasis  in  pancreas  disease,  580 
~  Cholecystitis,  61 1 
Cholera  asiaUca,  338 

asiatica,   bacteria   resembling   spiril- 
lum of,  341 

asiatica,  lesions  of,  239 

asiatica,    preventive    inoculation    in, 
240 

asiatica,  serum,  antitoxic,  In,  340 

asiatica.  Bplrillum  of,  340 

asiatica,  vibrio  of,  240 

chicken,  367 

hog,  267 
Cholesteatoma,  334 
Cholestcriu  crystals  to  atheroma,  451 

iu  brain  softening,  796 

in  gall-stones,  613.  614 
Chondroma.  320 

of  bone.  746 

of  bronchi.  481 

of  choroid  pieius,  781 

of  clitoris,  661 

of  dura  mater  ccrebralis.  766 

of  dura  mater  spinalis,  770 

of  ependvma,  '^1 

of  lieart,'447 

of  larynx.  470 

of  liver,  607 

of  lung.  620 

of  lymph-nodea,  400 


of  m 


I,  709 


of  parotid.  576 

of  pla  mater  ccrebialls.  774 

of  submaxillary  gland,  576 

of  testicle.  781 

of  veins.  464 

of  vulva,  061 
Chordffi  tendineffi,  abnormal,  43S 
Choroid  plexus,  brain  sand  in.  781 

cysts  of,  781 

lesions  of  (see  Ependyma),  778 

tumors  of,  781 
Ckrittiaa,  on  pneumonic  exudates.  491 
Chrontatic  figure,  96 
Chromatin,  95 
Chromatolysis.  800,  806 
Chromogenic  bacteria.  149 
Chromophllic  bodies.  798 
Chromosomes.  85 
Chyle  veasels.  dilatation  of,  466 
Chylous  ascites.  668 
Cicatricial  tissue,  119 
Cicatrix,  119 
Circulatory  system.  419 
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■    Cirrhosis  of  liver  (Bee  Hepatitis),  095 

dil&latiOD  of  usopliageal  veins  in.  ref. 
PrebU,S80 
Claduthrix,  146 
(Mrke,  on  protozoa,  138 
Clitoris,  lesions  of,  659 
CloBCte.  646 
CIoBtridlum,  144 
Clots,  heart,  88 
Cloudv  swelling  (see  Albuminous  E>egeD- 

eration),  79 
CcmgulatioD  necrosis,  91 
CoaU,  on  tumor  of  pineal  gland,  887 
CiMiett  and  Mtltome,  on  wound  Infection, 

168 
Cocci.  148 
Coccidia,  131 
Coccldium  orifonne,  610 

in  liver.  610 

In  Paget's  disease.  70S 
Coccus,  "golden,"  306 
Coka.  OD  corpus  luteum,  691  ' 

C%>AnA«tm'ihypotheBisoforiglii  of  tumors, 

S9S 
Colchlcum  poiaouing,  SOS 
Colitis,  umtcbic,  0S5 
-    bacteria  in,  309 
'   catarrhal,  acute,  004 

chronic,  S60 

croupous.  008 

diplitheritic,  608 

follicular.  567 

infectious,  acute,  064,  056 

membranous,  060 

mucous,  560 

necrotic,  Q.W 

nodular.  507 

pseu do- membranous,  558 
Colloid  cancer.  848 

degeneration,  85 

naWirc  of.  ref.  414 
Colocynth  poisoning,  855 
Colon,  anomalous  positions  of,  546 

bacillus,  310 

dilatation  of,  549 

"group"  of  bacilli,  211 

inflammation  of  (see  Colitis),  504 

tumors  of,  565 

ulcers  of,  555,  560 
Combined  system  degeneration,  818 
Commensals,  bacterial,  151 
Comparative  pathology,  importance  of,  68 
Complement,  nature  of,  188 

in  disease.  194 
Concretions  (in  appendix  see  Calculi),  664 

in  intestines,  568 

la  pancreas,  582 

in  prostate.  735 
Concurrent  infection,  168 
Condyloma  of  penis,  714 

of  vulva,  660 
■    syphilitic.  357 
Cone,  on  chronic  gastritis.  637:   o 

ciiloua  cesopho^tis,  583 
Congenitfil  infection,  169 
Congestion  (see  Hypenemia) 

post-mortem,  9 


Conium  poisoning,  858 
CoDDSctive  tissue,  regeneration  of.  103 
-  Constitutio  lyiflphatica,  867 
Coutagium,  171 
Contusfoos,  poet-niortem,  7 
Cooling,  effects  of,  in  pneumonic  infec- 
tion, ref.  600 
of  the  body,  poet-mortem,  6 
Coplin.  on  bmnchial  cysts,  026 
Copper  poisoning.  350 
Comet,  on  scrofula,  898:  on  tuberculosis, 

254 
Comet  and  Meuer,  on  tuberculosis,  254 
Comil    atid   Carnol,   on    regener&UoD   of 
mucous  membranes,  102 
'  Coronary  arteries  (sec  Arteries) 
Corpora  aliena  arUculomm,  768 
amjiacea,  83 

amylacea  in  choroid  plexus,  781 
amylacea  In  prostate,  725 
.  Corpus  luteum,  cysts  of,  696 
nature  of  (see  ref),  691 
Corpuscles,  compound  granular,  TOO 
Corrosive  sublimate  as  fixative,  53 

poisoning,  864 
C&uneilman,  on  acute  interstitial  nephritis, 
627;  on  arterio-scleroais,  454;  on  goDor- 
rhceal  myocarditis,  437;  on  lung  lobule. 
489;  on  protozoa  in  smallpox,  276:  on 
sudden  death  due  to  heart.  428 
Councilman    and    Lajleur,    on     anueba, 

129 
CtniJiciltHan,  MaUory,  ajid  Pearve,  on  bac- 
teriology of  diphtheria,  260 
Coanalman,  MaUory.  and  Wright,  on  epi- 
demic cerebrospinal  meningitis.  2l9 
Coupland,  on  diffuse  tumors    of    spinal 
cord,  884 
mnnont  am 
tection,  168,  4. 
Co)He,  on  differential  stains  for  acid-proof 

bacteria,  258 
Cowper's  glands,  lesionn  of,  735 
Goyon.  on  bacteria  of  stomach,  588 
Cramer,  on  sunstroke,  866 
Cranlotabes,  743 

Cranium,  examination  of  base  of,  IS 
method  of  opening,  9 
method  of  opening,  in  infants,  40 
Crenothrix,  146 
Cretinism,  361 
Croton-oil  poisoning.  305 
Croupous  inflammation  (see  Fibrinous  In- 
flammation), 128,  209 
Orowder.  on  generalized  tuberculous  lym- 
phadenitis, 898 
Cijptorchismus,  716 
Culex  in  malaria  of  birds,  361 
CuUen,  on  frozen  section,  method   of.  50; 
on  adenomatous  myoma  of  uterus,  S78: 
on  carcinoma  of  uterus,  681:  on  hydro- 
salpinx, 700;  on  peritonitis,  571 
Cultures,  bacl«rial,  155,  166 

bacterial,  aerobic  and  anaerobic,  157 
bacterial,  collections  of  material  for, 

168 
plate,  157 
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Cu7tningham,  on  death  from  electricity,  47; 

on  removal  of  thyroid,  881 
CfurteJtmann,  on  typhoid  bacilli  in  urine. 

236,652 
"Curschmann's  spirals."  479 
Outhing,  on  gall-stones  and  micro-OTgan- 
isma.  614;  on   gall-bladder  infectiODS. 
612;  on  gonococcal  peritonitis,  570 
Cuticula  of  echinococcua  cyat,  13S 
Cyclopia.  781 
Cylinaroma,  S24 
Cystadenoma  of  mamma,  TOO 

of  ovaries,.  698 
Cysticercus  celluloste,  185 

in  brain,  836 

in  ependyma,  781 

in  heart.  447 

in  kidney.  647 

Id  muscle,  761 

in  peritoneum,  574 

in  pla  mater  cerebmlis,  776 

In  pia  mater  Bpinalla,  777 

in  spleen,  411 

taenia  medlocanellata.  186 
Cyelitis,  catarrhal,  acute,  6S0 
-'  chronic.  600 

croupous.  653 

diphtheHCic,  652 

emphysematous,  6S3 

exudative.  660 

hyperplastic,  6S1 

DecTotlc.  6S1 
~   tuberculous,  652 

typhoid.  6sa 
Cystocele  of  vagina,  618,  661 
Cysts,  306 

atheromatous,  of  arteries,  461 

branchial,  624.  526 

ciliated,  ref.  807 

ciliated,  of  pleuta,  47S 

classiflcalilon  of,  806 

compound,  of  ovarieB,  693 

congenital,  807 

dermoid,  807 

dermoid,  of  trane,  749 

dermoid,  of  choroid  plexus,  781 

dermoid,    of    embryonal     branchial 
clefu,  524.  626 

dermoid,  of  lung,  530 

dermoid,  of  nose.  468 

dermoid,  of  ovaries,  690 

dermoid,  of  peritoneum,  574 

dermoid,  of  scrotum.  715 

dermoid,  of  spleen.  411 

dermoid,  of  thyroid.  415 

disintegration,  806 

follicular  of  ovary,  607 

foreign  body,  806 

method  of  preparation  of,  61 

of  bladder,  urinary.  654 

of  bone,  749 

of  brain.  886 

of  cliorold  plexus.  781 

of  Cowper's  glands,  726 

of  ependyma,  781 

of  Fallopian  lubes,  703 

of  gall  bladder  and  ducts,  612 


Cysts  of  Graafian  follicles.  607 
of  kidneys,  641 
of  larynx,  470 
of  liver,  606.  607 
of  liver,  with  renal  cysts,  64 
of  lung.  020 


of  ffl 


I,  713 


I,  male,  730 
of  mediastinum,  521 
of  mesentery,  674 
of  mouth,  534 
of  neck,  526 
of  cesophagus,  088 
of  omentum,  574 
of  ovaries,  698.  607.  609 
of  pancreas,  681 
of  parovarium,  690 
of  pericardium.  428 
of  pbarynx.  526 
of  pia  mater  cerebmlis,  776 
of  placenta,  688 
of  pleura.  475 
of  prostate,  734 
of  salivarv  gltmds.  076 
of  seminal  vesicleB,  722 
of  softening,  306 
of  sphial  cord.  884 
of  stemach,  646 
of  tapeworms,  186 
of  testicles.  717,  723 
of  trachea,  470 
of  tongue,  525 


of  vagir 
of  TuTv. 


rs,  ref.  Harrit,  642 


t,  668 


retenlloD,  306 

retro-ovarian.  708 

retvupcritoneal,  074 

sebaceous,  of  penis.  716 

sebaceous,  of  scrotum,  716 

transudation,  306 
Cffla»e.  190 
Cytology,  importance  of  modem  studies 

In,  66 
Cytolysls,  182 

application  of  Ehrlich's  hypothesis  to, 
187 

phagocytes  in,  180 

rationale  of,  187 
Cytoryctes  vacclnite,  375 

variolse,  131 

Dagoaet,  on  tumors  of  dura  mater,  766 
iJciAuM.  ondiSerentlal  stains  for  acid-proof 

bacteria,  368 
Ifavenpart,  on  chemotaxis.  Ill 
Dami,  on  chancroid  bacillus,  331 ;  on  dia- 
betic ganKTcne,  864 
Dayton,  on  heemolymph  nodes,  401 
Death,  black.  266 

causes  of,  determination  of,  3 

from  asphyxia,  48 

from  burning,  48 

from  drowning,  45 
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Death  from  electricItT,  47 


suddc'D,   in  paDCT«alic    htemoTThage, 
579 

sudden.  lesiODs  leodiag  to.  3,  48 

time  uf,  as  dctermin^  liy  poel-inor- 
tem  examiDBtion,  6 

vloleut.  lesions  in,  43 
Decalciflcation.  54 
Deciduftl  ri'DiaiDB  of  placenta,  667 
Decicluonia  of  uUtiis.  6»S 
DL'coiiipoaitioD,  post-ino'tem.  6 
Defensive  protelds,  173 
Degeueralion.  79    .'        -..  .i  . 

scute,  79 

albuRiiDoiis,  79 

albuiniuouB,  of  beart,  484 

albuminous,  of  Iddneys,  619 

albuminous,  of  liver,  'srtti 

albuDitnous,  of  mustle,  757 

albuminous,  of  pancreas,  577 

albuminous,  of  slomacli,  S3S 

amyloid,  82 

amyloid,  of  adrenals,  416 

amyloid,  of  arteries,  449 

amyloid,  of  heart.  48fi 

amyloid,  of  intestine.  HBd 

amyloid,  of  kidneyR.  691 

amyloid,  of  liver,  591 

amyloid,  of  lymph-Dodcs.  898 

amyloid,  of  muscle.  768 

amyloid,  of  pancreas,  5TH 

amyloid,  of  placcnla.  686 

amyloid,  of  spleen,  408 

amyloid,  of  stomach,  535 

aniylnlil,  of  thyroid.  418 

amyloid,  of  uterus,  669 

amyloid,  tesU  for.  28.  83 

ascending,  in  nerrous  system.  810 

cbecsv,  93.  244 

colloiil,  85 

colloid,  of  thyroid.  418 

combined  system.  818 

descending,  in  nervous  system.  800 

fatly,  80 

fatty,  from  phospliorus.  858 

fatty,  of  adrenals.  416 

fatty,  of  arteiics,  449 

fatty,  of  endocardium,  485 

fatty,  of  heart,  484 

fatty,  of  joints.  749 

ftttty,  of  kidneys.  630 

fatty,  of  Itvcr.  591 

fatty,  of  muscle.  7,57 

fatty,  of  pancreas,  577 

fatty,  of  placenta,  686 

fatty,  of  prostate.  "33 

fnttv.  of  stoinucb,  585 

fatty,  o'f  uterus.  669 

fatty,  of  veins,  462 

glycttgen,  84 

glycogen,  of  kidnevs,  621 

glycogcu,  of  liver,  592 

granular.  79 


Degeneretion,  hyaline,  86 

hyaline,  of  arteries,  449 

hyaline,  of  heart,  435 

hyaline,  of  islands  of  Langerhans.  578 

hyaline,  of  lympb-nodes,  898 

byallne.  of  muscle,  757 

hyaline,  of  pancreas,  678 

hyaline,  of  prostate,  723 

hyaline,  of  thyroid,  413 

hydropic,  84 

lardaceuus  (sec  Degenerailon,  Amy- 
loid), 83 

mucous.  85 

neurone.  803 

neunme.  systemic,  807 

parenchymatous  (see  Degeneration, 
Albuminous),  7S 

secondary.  In  nervous  system.  809 

waxy   (see    Degeneration,    Amyloid), 


staining,  887 


of 


B,  807 


Delajieid,  on  dysciiter 

Delaficld's  biemaloxylin  stain.  58 
Dtlamare.  on  syphilitic  arteritis,  689 
Dendrites.  799 

degenerations  in,  803 
Dermoid  cysts  {see  Cysts) 

tumors  (see  Cysts,  Dermoid) 

tumors  of  medtastiDum,  521 

tumors  of  penis.  715 


■a  of 


715 


.tumors  of  testicle,  722 

tumors  of  thymus,  412 
De    Witt,    on  membranous  endometritis. 

670;  on  myositis  ossificans,  760 
Diabetes,  "bronze,"  364 

hcmachromatosis  In,  88 

mellilus.  868 

pancreas  in,  678  * 

phloridzin,  365 

relation  of.  to  internal  secretjon,  8A4 

sudden  death  in,  49 
DIapedcsls.  69,  111 
Diaphragm,  positiou  of.  31.  41 

post-mortem  examination  of.  31 
Diastematomyelia.  7^8 
DiasUr  in  mitosis,  96 
JHeiiilonni,  on  plague  bacilli,  266 
Digestive  system,  532 
Digitalis  poisoning,  858 
Diphtheria.  269 

antitoxin,  363 

antitoxin,  methods  of  formation  of 
175 

bacillus,  361 

ba<-i11us,  pseudo-.  263 

bacteriology  of.  200.  261 

concurrent  infection  In,  361 

diagnosis  of.  363 

experimental.  3S3 

lesions  of,  259 

mixed  infections  in,  361 

of  pharynx.  537 

pseudo-,  209 
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Dlphtberia  toniii,  263 

tuberculosis  with,  ref.  261 
Diplitlierold  aoglDa.  209 
Diplobacllli,  145 
Dijilococci,  14!S 

Diplococcua   Intracellularis   meningitidis. 
218 

paeupaoDis,  213 
DIplnmyelia,  1S3 
Disctisc,  causes  of,  67 

excttADts,  bHcterial,  198 

relation  of  niicro-orgauismB  to,  162 

spec!  He,  197 
Diseases,  comniunlcablc,  16B 

S^ueral,  861 
nfectiouB.  197 

iDfcctlous,  classiBcation  of,  197 
DisiDfectautB,  148 
Dlstoma  IiiGinatobiuni,  134,  609 
liepatlcum,  1S4,  609 
in  bladder,  urinary,  654 
in  veins,  464 
laDceolatum,  134 
sincnse,  1S4.  609 
Diverticula  of  lutestJDCB,  546 
oF  (i^Ropliagns.  581 
of  pbarynx,  528 
of  urinary  bladtler.  648 
Duftc/uiimki  ami  Jiianinki,  od  cysts  in  liv- 
er. 606;  on  pyogenic  powers  of  typboid 
bHcilli,  288 
Dahroi"diJfi.  ou  lymph  iindiilcs  cif  larynx. 

etc.  528 
Docbinius  dumlenalis.  189 
D/irk,  on  cliInroniH,   321 ;    on  sarcoma  of 

atomacli,  ,148:  un  trichomonas.  180 
Df'JIria  mul  r.  Pi-o-nizek.  on  prolozoa,  138 
Dills,  on  <|uurantinc  and    yellow  fever, 

273 
J>JW(,  on  eysts  of  mesentery.  1)74;   on  tu- 
twrculiKus  of  cervical  lyinpli -nodes,  897 
Dropsy,  71.  568 
Drowning,  lesions  of,  4fl 
"Drystiale's"  corpnaies,  698 
Ducrey'slMcilius.  230 
Ductus  arleriiisns  in  stenosis  of  aorla.  459 

arteriosns.  mal forms rioiis  of,  424 
D'/nAiir,  on  tvphoid  fever.  235 
B,  l>'iii:ierii.  on  antibodies.  106 
Diioilciiiim,  piist-miirteni  cxaniinatiou  of. 


mater  cerebralls,  inllammatiou  of  (see 

Pacliyineningitis).  763 
mater  cereliralis,  psaminoma  of.  766 
mater  cerel>rali8,  syphilis  of,  765 
mater  cerebralis.  slmcture  of,  672 
mater  cercbmlis.  thrombosis  of,  762 
mater  cerebralis,  tubeiTulosis  of.  760 
ninter  cerebralis.  tumors  of,  766 

',  examination  post  mortem  of, 


Dura  mater  spinalis,  inSammatlon  of  (see 
Pacby meningitis),  776 
mat«r  spinalis,  parasites  in,  776 
mater  spinalis,  structure  of,  778 
mater  spinalis,  tuberculosis  of,  776 
nutter  spinalis,  tumors  of,  776 

Darek,  un  pneumonia  bacteria,  especially 
lu  children,  500 

Durham,  ou  yellow  fever,  373 

Dust,  bacteria  in,  150 

tubercle  bacillus  in,  393 


Eak,   internal,  post-mortem  examination 
of,  16 

middle,  relation  of  inflammation  of, 
to  meningitis,  771 
Bher.  on  animal  tuberculosis.  351 
Eccliyniiraes,  7,  44,  70,  367,  484 
Echlnococcus,  185 

exogena.  187 

in  bladder,  urinary,  654 

in  brain.  781,  836 

In  dura  mater  spinalis,  776 

in  heart,  447 

in  kidney,  647 

in  liver,  608 

in  muscle,  761 

In  peritoncun),  571 

in  pleura,  475 

In  prostate,  725 

lu  spleen,  411 

in  testicle,  733 

In  thyroid.  416 

in  uterus,  685 

In  veins,  464 

muliilocularis,  187.  609 

scoleciimrien';,  187 
Eclamieia,  nerve  cells  from  case  of,  800 
Eczema  of  nlpjile,  705 
Eileii.  on  structuri!  of  placenta,  686 
Ediii'iiidii,  on  Basedow's  disease,  862 
Egg  albumen  Sxatire,  51 

albmnen  pixK-iiiitlii,  test  for.  193 
Ehrlirh,  bypotliesis  of  cytolyus,  187;  hy- 

K thesis  of  immunity.  196:   siile-cham 
,  pothcsis,  176;  triacid  stain.  Sua 
BhHieh  mill  Luzuriia.  ou  antemla,  385 
Elaterium  poisoning,  8.15 
Electricity,  action  of,  on  bacteria.  148 

lesions  in  death  from,  47 
Elcphnnllasis,  48,5 
of  penis,  715 


i)f 


217 


715 


10 


■,  methods  of  iiardening,  16 
:r  spinalis.  778 
T  spinalis,  htemorrliage  in.  776 


Embedding,  54,  76 
-  Emboli,  air,  in  Itlood,  384 
Iwclerial,  113 
-   fat,  384 

parencbvma  cell,  76 
tumor,  460 
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864 

Embolism,  effects  of,  76 
In  brain,  TM 
in  coronary  arteries,  488 
In  intcstlneB,  650 
Id  kiUneyH,  617 
Id  liver,  118,  586 
in  luDg.  484 
In  mcseuteric  arter 
in  ntUBcle,  759 
in  portal  vein,  586 
in  spioat  cord,  794 
Id  splccD,  406 
in  tcrmiDal  ------- 


550 


in  ti 


t,  298 


retrogratic, 

seat  of,  most  frequent,  77 
Embryo,  nge  of.  to  determine,  89 
Emigration  of  leucocytes,  109 
EmpnyHcma  from  gas  bacillus,  267 

of  lungs,  486 
Empyema,  190.  478 

excitants  of.  474 
-  Bnccplialitis,  acute,  830 

-  acute  dissemi Dated,  821 
acute  parenchymalous,  821 

-  chronic,  837 
hemorrhagic,  823 
in  new-boru,  828 
suppurative,  820 

Bncepbalocele,  782 
EuclioDdronia  (sec  Clioadroiua) 
Endarteritis.  430 
Endocarditis,  441 
-  acute,  443 
acute,  bacteria  in,  448 

-  chronic.  446 
clirouic  ulcerative,  447 
gOLococcal,  ref.  Larligaa,  448 
infective,  443 

malignant,  442 

malignant,  cxcitauls  of.  448 

mycotic,  443 

stenosis  of  valves  In,  446 

thrombi  in,  443,  444,  446 

tuberculous,  447 

-  ulcerative,  442 
ulcerative  maligiiant.  442 

■  "vegetations"  in,  442,  444,  446 
Endocanliiim,  lesions  of.  484.  441 
Endometritis,  adenomatous.  671 

catarrhal.  670 

chronic.  670 

croupous,  673 

diphtlieritic,  672 

exfoliative,  670 

membranous,  670 

puerperal,  674 

syphilitic,  678 

tuberculous,  673 
Endometrium,  bypcrplasia,  glandular,  of, 

670 
Endophlebitis  (see  Phlebitis),  463 
Endothelioma.  321 

bibliography,  ref.  835 

of  a<lrenBls.  418 

of  appendix.  568 

of  Iwiie,  748 


EudotbeUoma  of  brain,  884 

of  dum  mater  cerebCBlis,  706 

of  dura  mater  spinalis,  77S 

of  kidneys.  648 

of  lung.  520 

of  Ij'mph-nodes,  400 

of  lympli- vessels,  466 

of  nerves,  836 

of  ovaries,  693 

ol  parotid,  576 

of  pericardium,  423 

of  peritoneum,  573 

of  pia  mater  cerebralis.  774 

of  pia  mater  spinalis,  777 

of  pleura,  475 

of  salivary  glands,  676 

of  spinal  cord.  834 

of  thymus.  412 

of  thyroid.  415 

of  uterus.  679 

of  vagina,  668 
Endothelium,  changes  in,  favoring  tbrom 
bosis.  78 

changes  of.  in  aypbllia.  256 

formation  of  connective  tissue  from. 
104 

hyperplHSift  of,  in  typhoid  fever,  281 

phagocytic  power  of,  in  liver,   ref. 
mim.  5»S 

relation  of,  to  mesothelium,  116 

secretory  powers  of,  71 

selective  flItratloD  hy,  112 
Energy,  cell.  65 

transformations  of,  in  living  processes, 
78 
Engelken,  on  adenoma  of  kidney.  644 
Enostuses,  740 
Enteritis,  catarrhal,  acute,  650 

catarrhal,  chronic.  561 

croupous,  501 

-  diphtheritic.  651 
exudative,  552 
follicular,  651 
membranous.  551 
nodular,  651 
pseudomembranous,  551 
suppurative,  668 

-  Hyphilitic,  568 

-  tuberculous,  552 
Enteroliths,  568 
Enzycnes,  bacterial,  149 
Eosinopbile  cells,  878 
Eperidyma,  cysts  of,  781 

lesions  of,  7TB 

method  of  liardeniDg,  10 

paraailea  In.  781 

tumors  of,  781 
Ependymitis.  acute,  778 

chronic.  779 
Epicardial  fibrous  nodules,  423 
Epididymitis.  718 
Epispadias,  718 
EpitheliomH  (see  Carcinoma),  848 

adanmntinum,  849 

giant-celled,  846 

prickle  cells  in.  848 
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Epithelium,  regeneration  of,  101,  119 

Epulis,  817 

Ei'dAeim,  od  thyroid.  414 

Errul.  on  metaslasis  in  chondroma,  836; 
on  Paccbiooian  bodies.  766 

Eratl.  n,.  onEtirllch'shypotLeslB.  196 

Erosions,  bsmorrbagic,  of  stomach,  041 
-  Erysipelas,  208 

Erythrocytes,  changes  in  (see  Blood).  878 

Erytbrosin  stain  for  nerve  cells,  888 

Btehtrieh  and  jyaujuiUr,  on  B.  coli  com- 
munis, 311 

Eiger,  on  circulatory  clunees  in  lung.  500: 
on  disturbances  of  pulmonary  circula- 
tion. 484 

Ether  poisoning,  887 

Btitane,  on  tuberculous  endocarditis,  447 

EuUnberg,  on  Bagedow's  disease.  363 

Einng,  Clinical  PatJiology  of  Blood,  ref. 
381:  on  aUlpoceru,  6:  on  bacteria  in 
smallpox,  275:  on  changes  of  blood  in 
bepaUc  disease,  005:  on  ganglion  cells, 
804;  on  ganglion  eel!  lesions  in  tvplioid, 
235;  on  reucocytosis,  360:  on  lymphatic 
constitution.  49,  868;  on  malarial  ne- 
phritis, 629:  on  persistent  thymus,  413; 
on  sudden  death,  49 

Eaing  aiid  Slratut,  on  precipitin  test  for 
blood.  192 

Enaatberoata  as  types  of  contagious  dis- 
eases, 171 

Exophthalmic  goitre,  863 

ExopbtbalmuB,  8B3 

Exostoses,  7S1.  746 

Extra-uterine  pregnancy,  708 

Exudate  in  inflammation,  72,  110,  118, 
110,  126,  199 

ExudatiTe  inOamniation,  110,  113 

Eyea,  poat-tnortem  removal  of,  16 

F'Ulaon,  on  tumor  of  pineal  gland,  886 
Fallopian  tubes,  700 

tubes,  absence  of,  700 

tubes,  changes  in  position  and  size  of, 
700 

tubes,  closure  of,  700 

tubes,  cysts  of,  703 

lubes,  dilatation  of,  700 

tubes,  examinHtlon,  post-mortem,  of, 
86 

tubes,  hemorrhage  of,  701 

tubes,  hydrosalpinx,  700 

tubes,  in  extra-uterine  pregnancy,  708 

lubes,  inflammation  of  (see  Salpingi- 
tis), 701 

tubes,    malformations    and     malposi- 
tions of.  700 

tubes,  pyosalpinx.  703 

tubes,  tumors  of.  703 
Fallii.  ou  gangrene,  91 
Ftillin,  on  bacteria  In  urinary  passages, 

653 
Faiviit  de  baiif,  225 
Furcy,  319 

Faniiei;  on  atypical  mitosis  in  tumors,  802 
Fariier,  on  Basedow's  disease,  863 
Fat.  detection  of.  in  blood,  883 


Fat  emboli,  864 


regeneration  of,  106 

itty  degeneration,  BO 

InflUration,  81 


PavuB,  160 
FiMeiien,  on  streptococci  In  erysipelas,  208 
Fenomenodet,  on  cysts  of  placenta.  688 
Fenieiek,  ou  hair  Iwlls  In  stomach,  046;  on 

sarcoma  of  stomach,  648 
Fermentation  by  bacteria,  149 
Ferment,  fibrin -forming,  113 
Ferments,  cytolytic,  116  (see  CytolyslB), 
182 

in  pathology,  ref.  116 
Fever,  catarrhal  epidemic,  225 

famine,  265 

hospital,  271 

Inflammatory,  208 

jail.  371 

Malta,  365 

puerperal.  303.  674 

relapsing,  365 

scarlet  (see  Scarlatina),  277 

seven -day,  265 

ship,  271 

spirillum,  366 

splenic,  ^1 

spoiled,  182,  271 

suppurative,  303 

surgical,  203 

tick.  183 

typhoid,  327,  564 

typhoid,  leucocytosls  of,  879 

typhus,  371 

yellow.  372 
Fibrin,  formation  of.  in  blood  clot.  70 

formation  of,  in  exudates.  113 

formation  of,  in  luflanimation,  112 
Fibroblasts,  104.  118 
Fibroma,  308 

intracanalicular,  811,  707 

molluscum,  300 

cederaatouB.  809 

of  appendix,  568 

of  bladder,  urinary,  658 

of  bone,  745 

of  braiD,  833 

of  bronchi.  481 

of  dura  mater  ccrebralia,  765 

of  dure  mater  spinalis,  776 

of  ependyma.  ^1 

of  Fallopian  tube,  708 

of  gall  bladder  and  ducts,  618 

of  heart,  447 

of  intestines,  505 

of  joints,  753 

of  kidneys,  648 

of  larynx,  470 

of  liver,  606 

of  luug.  520 

of  lympb  nodes,  400 

of  mamma,  707 

of  mamma,  male,  735 

of  mouth.  524 

of  muscle,  760 

of  nerves,  885 
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of  o 


laofu 


opbaguH, 


of  parotid,  576 

of  penis,  T15 

of  ptricartliiim,  423 

of  peri loDcu 111.  573 

of  pharyni,  839 

of  pia  mater  cerebraMs.  7T4 

of  pia  mater  spinalis.  777 

of  pleura.  47.'> 

nf  salivary  glauds,  576 


of 


715 


of  spinal  irord.  884 
of  spletiD,  411 
of  stumocli,  541 
of  testicle,  730 
of  loQgiie.  535 
of  uterus,  675 
of  vagina,  668 
of  vulva.  860 
Fibrosis.  122 

Fibrous  tissue,  regeneration  of.  108 
Fifi^er.  on  flies  unil  lypboid,  237 
Pilaria  in  lymph  nodes,  400 
ine<linensis,  140 
sanguinis  homiuis,  141,  384 
sanguinis  hominis  in  bladder,  urinary. 

654 
sanguinis  in  kidney.  647 
Filarial  lympliatic  vnnx.  141 
Fiiuller,  liair  ball  In  slomaeh.  546 
Firth,  on  bacteria  in  air,  168 
Fischi.  on  fcrtal  infection,  169 
Fineher,  on  false  diverticula  of  intestine, 

546 
Fisli  noisoniuK,  858 
Fistula,  bi'ancliial.  526 

vaginal.  662 
FiU,  on  cysts  of  puncivas.  5H2;  on  dilata- 
tion of  colon,  549;  on  diseases  of  pan- 
creas. 580 
FUatHHr,  198 
Fixation  of  agglutinin.  190 

of  immune  substance  by  red  cells,  184 
of  tissues,  51),  51,  01 
Flagclla  of  bacteria,  144 

i)f  nmlariitl  imraslte,  2M1 
fteeluig,  on  spinal  ami.  818 
Flemmlng's  osnilc-aciil  mixture,  fiS 
Flttelier,  on  tuberculous  cavities  in  liver, 

604 
Flfxiitr,  ou  abriu  mid  ricin  intoxication, 
301 1  nn  agglutinative  tlirombi.  75:  on 
cardiac  degeneration  iu  toxemia,  435: 
ou  connectTvc  tissue  In  elrrliosis  of  liver, 
597;  on  dysentery.  556;  on  experimen- 
tal paucreutit  is.  5M0;  on  focal  tvplioid 
lesions,  333;  ou  lesions  of  plague,  266: 
on  leucolylic  sera,  185;  nn  lympliosar- 
cuma,  890:  on  ncurO'Cpitbelioma,  346: 
ou  jteritonltls.  571 :  on  sypliilis  of  stoni- 
acli,  53tt;  on  terminal  infections,  169; 
on  toxiilbumin  intoxication.  166,  303; 
on  tuberculous  cesopliagitis,  583:  ou  tv- 
plioid bacilli  in  body,  336 
iVf-nter  mid  Anderson,  on  diphtheria  bacil- 
li in  lungs,  361 


FUj;Mr  and  Barker,  on  epidemic  cerebro- 
spinal meningitis.  319 

Flexner  and  I'earu,  on  experimental  pas- 
creatltis,  mi 

Flics  as  carriers  of  typhoid,  ret.  168,  287 

Plodcmanii,  on  pulmooary  syphilis.  530 

Hiigge,  micro-organisms,  288 

Flukes.  183 

Focal  necrosis.  91.  301.  382.  360.  27)j 

Fcetal  infection.  169 

Foitus,  size  of.  at  various  periods,  39 

Ford,  on  bacteria  of  healthy  organs,  163: 
on  intestinal  bacteria.  560 

Formaldehyde  and  form<)l  (see  FoTm&lin). 
53 

Formalin,  use  of.  as  fixative,  52 

Forsyth,  on  Haffkine  plague  preventive 
inoculation.  367 

Pbvltrtvn,  on  pathogenic  blastomrcetes. 
159 

-  Fractures,  liealiug  of.  737 

intra -uterine,  40 

Fraenkd,  on  corpus  luleum.  691 
on  hydatid  moles,  688 
pneumococcus  of,  313.  489 
Friiiieis,  on  trypanosonia,  130 
Frediom,  formula  for  picro-acid  fuchsia 

stain,  59 
Freeman,  on  focal  necrosis  In  measles,  274 : 
on  oysters  and  typhoid,  337;  on  smatl- 
IMJX  bibliography.  377;  on  typhoid  aud 
milk,  337 
Fri^rger  nnd  Frohner,  on   pathology  of 

domestic  animals,  268 
Friedldiuter.  iHicillus  of,  212 
Fiiedmaiin  iiiui  ifiiiis.  on   extirpation   of 

hypophysis.  367 
Friedreich,  on  Friedreich's  ataxia.  830 
Frog,  mesentery  of.  for  study  of  iuflam- 

mation,  110 
Fvoxeu  sections,  methods  for,  50 
Fudisiu  as  Slain.  59.  158,  -347 
F'lernt,  on  cell  regeneration,  303;  on  giant 

cells,  116 
Fungus,  fission.  143 
mould,  143,  169 
poisoning,  356 
■■ray,"  324 
yeasi,  159 

-  Furuncle,  199 

Fiitterer.  on  transplantation  of  cells.  396 

of  the  intestiues. 


Onlliirerdin,  < 
550 

Gall  bladder,  calculi  of.  618 
bladder,  dilatation  of.  613 
bladder,  infeclions  of.  613 
bladder,  inflaminntjon  of,  610 
bladder,  lesions  of,  610 
bladder,  tumors  of,  613 
ducts,  abscesses  of.  611 
ducts,  calculi  of,  618 
ducts,  constriction  of,  612 
ducts,  dilatation  of.  613 
ducts,  infection  of,  613 
ducts.  Inflammation  of,  610 


Gall  ducts,  ImIods  of,  610 

ducts,  new-formed,  tn  ciirbods.  S98 
-  -  ducta.  occlusion  of,  613 

ducts,  tumors  of.  613 

stones,  613 

Stones  In  pancreatic  duct,  582 

stones,  rAle  of   mtrro-nrganlsms  In, 
614 
Qamboge  poisoniDi;,  355 
Gamete  in  nialsrlaf  parasite.  283 
Ganglia,  scniiluaar,  post-mortem  examina- 
tion of,  83 
Gangliou,  plcxifomi,  in  rabies,  370 

cella  (see  Neuronesl,  797 
Gangrene.  90 

dialwtic,  ref.  864 

dry,  81 

embolic,  77 

enipliyseniatoiis.  268 

of  appenilix.  564 

of  lung.  487 

of  moutb.  523 

of  paiicrens.  .580 

of  vagina.  663 

of  vulva.  660 

senile,  ref.  91 
"Gas  bacillus."  267 

phlegmon,  26H 

forraation,  post-mortem.  5 

formation,  posi-mortem,    relation  to 
B.  aCrogenes.  267 
Gastriiis.  acute  catarrlial,  535 
-   clironic,  535 

croupous.  .'iS7 

dtplitlieritic.  537 

exudative,  537 

membranous,  587 

plilcgmonous,  587 

suppurative,  .537 

sfpliilitic,  ."138 

toxic.  KW 

tuberculous,  liSS 
Gaylonl.  on  origin  of  fibrin.  472 
Gelatin  a.s  culture  medium,  155 
Gemmiiles  in  nerve  cells,  79S 
Genenil  liiseases.  361 

patbolog.v.  07 
Generative   organs,    female.   iKist-mortem 
examination  of,  34 

organs,  female,  preservation  of,  36 

organs,   male,  post-mortem  examina- 
tion of,  84 

organs,  new-bom,  post-mortem  exain- 
i nation  of.  42 
Oeni  to -urinary  organs,     post-mortem  ex- 
amination of.  34 
Gentian  violet  in  Oram's  slain,  MB 
Germicides,  aclion  i)f,  on  bacteria,  148 
Germs.  148 
Geniiiinm,  on  dermoid  tumors  of   penis, 

715 
Oiiiniiettcfio,  on  tumors  of  umbilicus,  574  - 
Olant-cell  epltlielioma,  846 
Oiant-cell  sarcoma,  316 
Giant  cells.  98.  116 

iu  endotlielioma,  ref.  32S 

iu  tubercle,  243 


EX.  867 

Gienua,  modification    of    Romanovraki'a 

stain.  387 
Gieantoblasts,  877 

OiUiert  and  Lijtpmann.  od  gall-bladder  in- 
fections, 613 
Oilchritt,  on  blastomycetes,  159:  on  tumor 

parasites,  801 
Glanders,  319 
Glands.  Nabothian,  ectasia  of,  672 

regeneration  of,  103 
Glioma,  827 

of  adrenals.  418 

of  brain,  883 

of  ependyma,  781 

of  spinal  cord,  834 
Glio-myxoma,  838 
Glio-sarcoma,  338 

Olockner,  on  endotbclioma,  835;  on  endo- 
tbeliomaof  pleura.  475;  on  giant  cella 
In  endotlielioma,  335 
Glossitis,  52S 
Glottis,  a'dema  of,  468 
Glucose,  in  culture  media,  155 
Gluye'a  corpuscles,  796,  823 
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vous system  to,  828 

spleen  in,  ref.  16U,  ref.  407 

sub-,  ret.  164 
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168 
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diseases  of  unknown  origin.  387 
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croupous,  309 

definition  of.  127 
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bacillus  of.  336 
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Insolation.  360 
Inlennediary  bodies,  188 
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transposition  of,  046 

tuberculosis  of.  553 
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Joueraud  and  Bonnet,  on  suppurative  my- 
ocarditis, 437 
JurgeiUnat,  on  wound  infection,  168 

V.  EaJUden,  on  cysts  of  ovaries,  698 
Kaiserliug's  fluid  for  color  specimens,  61 
KaUtle.  on  bacteria  Id  lymph-nodes,  893; 

on  periarteritis  nodosa,  454 
Karyokinesis.  97 
Karyolysis,  90 
Karyomitnsis,  97 
Karyorrhexls,  90 
Kalromky,  on    emphyaematoua   cyatitls, 

653 
Keen,  on  surgical  complications  of  typhoid 

fever,  236 
KeUy,  on  hypernephroma  of  kidneys,  644; 

on  tumors  of  appendix,  568 
Kelyiuiek.  on  lesions  of  appendix,  565;  on 
■s  of  kidneys,  644 
□    complications  of  acul«   lobar 


pn< 
Kidneys,  615 
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albumiaurla,  616 
aofemla  of,  617 
atrophied,  684 


Kidneys,  bacl«ria  in,  624,  639 
calcification.  622 
calculi  of.  648 
casU  in,  618 

changes  in  position  of,  616 
circubtory  disturhaDces  in.  617 

-  congestion  of,  617 

-  cysts  of,  641 
degenerations  of,  619 

elimination  of  bacteria  from,  639;  ref. 

Aidi.  624 
elimination  of  pigment  by,  ref.    Car- 

Ur.  624 
embolism  of,  617 

examination,  post-mortem,  of,  27,  41 
glomeruli,  development  of,  ref.  Her- 

ring,  635 
granular,  634 
horseshoe,  615 
hyaline  globules  in.  616 

—  hydronepbroeis,  640 
byperEemia  of,  617 

—  hypertrophy  of,  616 

—  infarction  of,  617 
infection,  ascending,  of,  693 
Infection,  embolic,  of.  ffiiS 
Inflammation  of  (see  Nephritis),  693 

—  lobulation,  fatal  of,  616 
malarial  lesions  of,  286 
malarial  parasites  In,  629 

-  malformations  of,  616 
malpositions  of,  616 

-  ■    movable,  616 

parasites  in,  647 

pelvis,  lesions  of,  630 

perinepb Title  iutlaramation,  641 

preservation  of,  28 

regeneration  of  epithelium  in,  ref.  617 

thrombosis  of,  017 
tumors  of,  648 
wandering,  610 
weight  of  27 

Kinnicutt,  on  gastritis,  586:  on  secondary 
lesions  of  typhoid.  335 

Eimkatt,  on  infection  and  cooling  of  bod;, 
500;  on  natumi  immunity,  173 

Kitatatoand  Yertin.   on  plague  tncillus. 
366 

Kiti,  on  ha^mon-liaglc  infection,  367 

KMi*,  on  malformations  of  generative  or- 
gans. 718 

V.  KUdd,  on  elimination  of  bacteria  from 
kidney,  629 

Elipitein,  on  pneumonia  and  bacteria.  500 

KiUKc,  on  eplcardial  nodules,  422;  on  lipo- 
myoma  of  uterus,  678 

Kober,  on  bovine  tuberculosis,  2S3 

Eoc/t,  on  tubercle  bacillus,  254 

Kihibruggt,  on  intestinal  bacteria,  060 

K&iUr,  on  agglutination,  287 

KoUt.  on  cholera  spirillum,  340;  on  speci- 
ficity of  infectious  agents.  176 

EoUe  and   Wa»»ermann,  Hicro-oi 


Eoplik,  I 


I  excitant  of  whooping-cough, 
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Koplik  and  Van  Aridale,  on  osteomyelitla 
Id  childhood,  786 

Sou^.  OD  Texas  Fever,  182 

Koltar,  OD  organized  cardiac  thrombi,  488 

Krompeeh^,  on  epitbeliomata  of  skin,  846  ~ 

Krate,  on  group  of  pathogenic  bacteria, 
198;  OD  Proteus  forms,  ai8;  on  proto- 
zoa, 128 

Krute  and  PatquaU,  on  abscesB  of  livsr, 
594;  on  iptestinal  bact«ria,  660 

Eahman,  on  bacteria  in  blood,  884 

Labia,  lesions  of,  66B,  660 

Laehner'Sandotial,  on  streptothriz,  326 

La  Grippe.  236 

Lambert,  on  sunstroke,  S6S 

Landry't  paralysis,  iJ3S 

Lang's  Holutlon,  formula  for,  68 

Laitg  and  Ullmann,  on  syphilis,  309 

Langerhant,  islets  of,  676 

Langmana,    on     hfemosporidlA,   183;    on 

snake  poison,  867 
Lapia,  on  bronchiectasis  in  children,  483 
Laniaceous  degeneration,  83 
Larkin,  on  neuroma,  3S1 
Lartigau,  on  B,  coli  conununis,  311 ;  on  B. 

Syocyaneus,  211 :  on  B.  procyaneus  in 
ysentery,  657;  on  bacteriology  of  an- 
gina, 628 ;  on  concuTrent  f nfecOon  in  tu  - 
berculosls,  017:  on  gonorTliceal  endocar- 
ditis, 448;  on  hvpcrplastic  tuberculosis 
of    InteaUne.    6^;    on   M.    tetragenus. 
313;   on  tuberculosis,  254;  on   tvplioid 
infection,  fcctal,  236;  on  typhoid  with- 
out lesions,  280;   on  uterine  lesions  in 
typhoid,  235 
Lartigau  aiid  Nicell,  on  adenoids.  638 
Laryngitis,  catarrhal,  acute,  468 
~  catarrhal,  chronic,  469 
croupous,  469 
phlegmonous,  469 
pseudomembranous,  469 
suppurative,  469 
Larynx,  488 

amyloid  masses  in,  470 
cysts  of,  470 

examination,  post-mortem,  of.  26,  41    - 
foreign  bodies  in.  43,  49 
Inflammation  of  (see  Laryngitis),  408 
lymph  nodules  of,  588 
malformatloDS  of,  468 
—  cedema  of.  468 
preservation  of,  26 
syphilis  of,  470 
tuberculosis  of,  470 
tumors  of.  470 
Lead  poisoning.  300 
Le  Count,  on  lymphoma,  400 
Legry.  on  lung  stones.  478 
Leiomyoma,  828 

Leitk,  on  phlegmonous  gastritis,  688 
Lembke,  on  intestinal  bacteria,  560 
Lentz,  on  dysentery  bacilli,  007 
Leopold  and  Lem,  on  pathogenic  moulds, 


Lepra,  bacillus  of,  249,  250 
Leprosy,  366 

of  nervous  nrstem,  883 

orchitis  In,  1^ 
Leptomeningitis,  768 
Leptothrix,  146,  146,  236,  536.  668 
Lmer,  Atlas  of  Forensic  Medicine,  858 
Leucin  in  acute  yellow  atrophy  of  liver, 

689 
Leucocytes,  877 

amitosis  Id,  98 

as  phagocytes,  116.  117,  126,  173,  189 

as  pus  cells,  200 

basophlle,  378 

classiflcatlon  of,  377 

development  of,  106 

emigration  of.  109 

eosinophlle,  878 

forms  of.  377 

in  abscess.  116 

in  cytolysis,  180 

in  granulation  tissue,  US 

in  InflammBtlan,  136 

In  teukiEmia,  889 

in  suppuration,  198 

mononuclear,  878 

normal,  378 

poly  nuclear,  376 

regeneration  of,  106 

transitional,  878 
Leucocythfemia,  388    . 
Leucocytosls,  378 

cachectic,  880 

hypo-,  880 

in  infection,  379 

in  leukemia,  388 

in  typhoid  fever.  379 

mixed,  8B0 

patJtological.  879 

physiological,  879 

pneumonic,  316 

poly  nuclear,  379 

polynuclear.  eosinophlle,  860 


Leucolytic  serum.  185 

Leucomalnes,  140 

Leuktemia.  386 

liver  lesions  in,  604 
lymphatic,  acute,  388 
lympliatlc,  chronic,  369 
lymph-node  lesions  in,  890 
marrow  changes  in,  744 
myelogenous,  chronic.  889 
pseudo-,  890,  400 
spleen  lesions  in,  411 

Leiein,  toxicology,  868 

Levilaneict,  on  bacteria  of  mouth 
lings.  696 

Libman,  on  paratyphoid,  286;  on 
of  Intestines.  567 

Ltglitning.  death  from,  47 

V.  Lingehheim.  on  streptococcus, 
tetanus  bacillus,  364 

Lip,  hare-,  08^ 

Liptemin,  388 

Llpomn.  326 

of  appendix,  068 
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864 

Lipoma  of  brain,  888 
of  broucht,  481 
of  dura  mater  cerebralia.  7M 
of  dura  mater  spinalis,  776 
of  ependyma,  781 
of  ^llopian  tubes.  703 
of  ticart,  447 


of  ii 


),  565 


of  loiDta.  1 

of  kidneys,  043 

of  larynx.  470 

of  liver.  606 

of  mouth.  624 

of  muscle.  760 

of  o^sophaguB.  639 

of  penis.  715 

of  peritoneum,  573 

of  pia  mater  cercbraiis,  774 


of 


715 


of  aplaal  cord,  884 
of  Btomacli.  641 
of  U'sticle,  730 
of  toogue.  525 


ra  of,  t 


■  Liver,  588 

-    abscess  of.  6S3,  611 
abscess,  araipbic.  of,  594 
abscess,  metastatic,  of.  684 
abscess,  multiple,  of.  594 
abscess,  tropical,  598 
accessory,  (HtB 
aniemia  of,  584 
atrophy  of,  588 
atropby.  acute  yellow,  of.  588 
twcteria  iu  abscess  of,  694 
biliary  passages,   lesions  of  (see  Gall 

DucW),  610 
"bronze,"  593 
calcification  of.  598 
capsule.  inHummatioii  of.  604 
changes  in  position  and  size  of,  588 
'-   cirrhosis  of  (see  Hofutltis).  59S 
cirrhosis,  autb nicotic.  601 
cirrhosis  of.  atrophic,  695 
cirrhosis  of,  "biliary."  600 
cirrhosis  of.  congeuital.  6U0 
cirrhosis  of.  experimental,  ref.  901 
cirrhoBis  of.  bypei-trophic.  600 
congestion  of.  584 
cysts  in.  ref.  606 
cysts  in  tumors  of,  606 
cysts  of,  607,  643 
degenerntious  of,  586 
destruction  of  bacteria  in,  164 
discoloration,  post-mortem,  88 
displacements  of,  20,  583 
effect  of  tight  lacing  on,  83 
embolism  in.  118,  586 
examination,    po3t-mort«tn,    of.    33, 

42 
"foamy,"  268.  608 
focal  necrosis  in,  333 
gall  passages,    lesions   of   (see    Gal! 

Bladder  and  Ducts).  610 


Liver,  gall  ducts,  new'formed,  in  cirrhosis. 


60 

grooves  and  furrows  in,  83 
gumma ta  of,  603 
Etemorrbage  of,  584 
-hobnail.  597 
holes  iu,  608 
byperffimia  of,  584 
Infarctions  of,  686.  587 
Infiltration,  fatly,  of.  590 
inflammation  of  (see  Hepatitis),  698 
lympliatic  tissue.  byperplAia  of.  Id. 

604 
malarial  lesions  of,  386 
malformations  of.  583 
malpositions  of,  688 

-  necroses  of.  588 

new-born,  post-mortem  ezaminatlon 

of.  42 
"nutmeg,"  586.  590 
parasites  of.  608 
perihepatitis,  604 
pigmentation  of,  693,  601 
portion  of.  20 
preservation  of,  83 

regenerative  changes  In.  103.  ref.  589 
reversion  in  cells  in  cirrhosis,  598 
rupture  of,  584 
^ze  and  weight  of,  83 
sypbills  of.  601 
thrombosis  in,  586 
tuberculosis  of,  602 
tumors  of.  605 

—  typhoid  fever,  lesions  of,  382 
vessels,  lesions  of,  686 
wounds  of,  584 

Llvidity.  cadaveric.  4 

LiHngood,  on  sarcoma  of  cesophagus.  582 

Lobelia  poisoning.  358 

Lo^tt,  on  thymus  enlargement.  413 

Lorke,  lesions  of  burning,  48 

Lockjaw,  263 

Locomotor  ataxia,  813 

Lod(,  on  infection  and  cooling  of  body, 
500 

Loeb,  ou  formative  stimulus.  106 ;  on 
mixed  tumors  of  thyroid,  415;  on  trans- 
plantation of  cells,  296 

Loeffler.  bacillus  of  (see  B.  diphtheriK), 
259 

Lotffier's  methylene  blue  stain.  154 

LohrtKh.  on  tumors  of  mediastinum.  631 

Loageope,  ou  complement  in  disease.  194; 
on  lymphosarcoma.  890 

LoornU.  ou  cardiac  syphilis.  441 

Lord,  on  D.  intracellularis  meningitidis  in 
nose.  318 

iMhropami  Pratt,  on  filarla,  141 

Louse.  142 

Loirit.  on  leucocytosis.  880 

Lubarteh,  on  endothelioma.  325;  on  ftetal 
infection.  169:  on  parenchvma  cell  em- 
biiKsm.  78:  on  tubercle  bacillus.  246; 
on  tumors.  849;  on  tumor  etiology.  303 
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Lubaraeh  and  tMtrtag,  GeiiemI  Summary' 
of  Etiologv  «f  Diaeusesof  Men  and  Am- 
mala.  ref.  28S 

'Liihe.  on  malaria  aud  inosiiuito.  rcf.  StiO 

Lungs.  482 

—  abscess  of.  497 
absence  of.  482 
acti'ssory.  483 
aniviiiia  of.  482 

-  outliraoais  of,  502 

as  portal   of  cntrj-   for  niicro-orgun- 

ianis,  4H8 
uspbyxia,  lesions  of.  48 
'     atelectasin  of,  485 

autolysis  in  exudates.  492 
bacteiia  In.  ref.  500 
bronclio-nncumoDiH,  495 
"earnilied,"  4B5 

-  cavity  formation  in.  514 
clmlioeis  of.  502 

circulatory  changes    in,    ref.    Wwr,  ■ 
500 
^     congestion  of.  483 

cysis  of,  530 
~   enipliyscnia  of.  48S 

epitlictium  in  Ititlamniatiou  of.  489 

examination,  post-mortem,  of,  25.  41 
~  gangrene  of.  4S7 

hitmorrliaitt'  of.  484 

liypcrtemia  of,  482 

-  infai'ciions  of.  4M4 

iDHumnialion     of    (see     Pneimionla), 

488 
injuries  of.  483 
lobar  pneumonia.  489 
lobular  paeunioiiia.  495 
lobule,  ref.  (h/'ii,eilm<iii.  489 
lymphatics  of.  489 
malformations  of,  482 
cpdcitia  of,  484 
perforation  of.  482 
pbtliisis  of,  511 
pigmeulalicin  of.  iSOl 
pneuiiKikonioBis.  502 
portal  of  entrance  of  tubercle  bacilli 

into.  503 
portals  of  entry  for    bacteria,    ref. 

Vi-obfr,  .WO 
preservation  of.  25 
sclerosis  of.  503 
siderosis  of.  503 
"stones."  478 
streptothrix  in.  235.  498 
structure  of,  488 
sypliilisof.  519 
tnroml>osis  ot,  484 
transposition  of,  483 

-  -  tuberculosis  of  (see   Tuberculosis  ot 

Lungs).  003 
tuherculosis  of.  cavities  in,  511.  514 
tuberculosis  of,   coneurreul  infection 

in.  5ie 
tuberculosis  of.  diffuse,  513 
luberculoBis  of.  exi>eriniental.  517 
tuberculosis  of,  focal.  504 
tuberculosis  of.  healing  in,  516 
tuberculosis  of.  miliary.  504 
53 


vuhiertibllity  of  apex  <)f.  ref.  Hulcfiiu- 
wn.  510 
Lupus.  358 

l.tixigiirtdt,  bacillus  of,  357 
Lynipliadenitis.   tubeiciilons.  generalized, 

398 
Lymph -adenoma  of  mediuBlinuni.  521 
I^ympliangiectasis.  405 
Lympbangioma,  334,  405.  607 
Lymphangitis,  infective.  40.> 

syphilitic,  466 

tulwrculous,  466 
Lymphatic  constitution.  367 

tissue.  893 

varix.  465.  ref.  141 
Lymph  fnllicles.  392 

glands  (see  Lyinpli-niHles).  893 
Lynipli-tKHles,  893 

anthraeosis  of.  398 

atrophy  of.  393 

bacteria  in,  ref-  392 

bn>nchial.  lesions  of.  481 

characters  of.  892 
-.  degenerations  of.  898     '.. -■      .      - 

germicidal  action  ot.   ref.   il/fiifici/i. 
etc-,  163 

hnmo-.  400 

lloilijkiu'a  disease,  lesions  of,  i:i.  390 

-  liypen>lnsia  of.  894,  899 
iiitlummatiou  of.  804 

in  leiikiemis.  388 

in  scrofula,  397 

In  status  lympliattcus.  868 

in  typhoid  fever,  381 

mesenteric,   tubercle    bacilli    in,    ref. 

508 
parasites  of.  400 
pigmentation  of.  393 
regeneration  of.  396 
scrofula  of,  897 
suppuration  of.  895 
syphilis  of,  898 
tubercle  bacilli  in.  ref.  252 

-  tiil>erciilosIs  of,  396.  398 
tumors  of.  400 

Lymph  nodules.  892 

nodules  of  larynx  and  (psophiigus,  ref. 
528 
Lymphocytes,  877 
Lymphocytosis.  879 
Lymphoma.  307.  390 

of  intestines,  566 

of  lung.  530 

of  mediastinum.  531 

of  stomach,  542 
Lymphosarcoma,  315.  521 
Lymph- vessels,  cbaracters  ot.  464 

<lllatation  of.  465 

intlaramalioD  of  (see  Lymphangitis). 
465 

ot  lung,  489 
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M'leC'tUiiiii,  on  btcniatoz.otui  inft-ctioD  id 
birds,  2S4;   ou  rcgi-terniive  cliaDgcs  ia 
liver.  5H&;  on  BegniEntatiou  of  inyocar- 
(liuni,  486 
Mure,  Bacteriology,  3S8;  on  B.  coii  com- 
niimis,  311;  on  baotvria  of  mouth,  Ii3ft: 
on  intcHtinal  bacteria.  560 
Marhinil.  on  lesious  of  gall-bladder.  610 
Mticrocj'tase,  100 
^[atiroeyles  in  cytolysis.  190 
)lficroglo88ia.  4S!>.  biH 
-Maihira  font,"  834 
M'ubo'tr.  on  bacteria  of  inoiitli.  TiSK 
ilmjriUh,  on  smallpox,  276 
Malailie  pyoeyanique,  311 
Alalaria.  279 

U'Stivo -autumnal  tvpc  of.  S"*" 

bililiograpliy  of.  3&6 

blcHHl,  It-KioD  of,  3S5 

blood,  method  of  cxaminali<iu  of,  in 

malaria,  286 
chronic,  2H6 
cxcitAut  of.  370 
lesion  of,  385 
mosquitoes  as   inlermeiiiary  liiml  in, 

281 
irarasite  of.  379 

parasite  of,  crciwent  budiirs  of,  281 
jiarasittr  of,  lla>!c11aU.'  lH>dies  of,  388 
pigmentation  of  liver  in,  503 
Plasmodium  of.  279 
ijuartan  types  of,  370 
spleen  in.  407 
tertian  tvpes  of,  279 
viscL-ranesions  of,  28.'i 
MalforniHitionB  (sec  Various  Viscera) 
Alalignaiicy  in  tumors.  394 
^[aligiuinl  pustule,  331 
>lnllein.  3-20 

.V'lUni-y,  OU  amteba  staining,  139 ;  on  anilin 
bine  stain,  69;  ou  focal  typhoid  lesious, 
23&:  ou  iucflanla  of  scarlatina,  277;  ou 
iiecroKi-s  of  liver.  588;  on  phagixiytes  iu 
ty]>lioid,  331 
M<ill"i-ii  mid  Wiight,  Pathological  Tecb- 
ni<iue.  !>0 
~  Atanima.  704 

absci-ss  of.  70.'") 

absence  of,  704 

accessory.  704 

cysis  of,  713 

InGniorrJiagc  of,  704 

hyperplasia,  cvstic,  i>f.  706 

liypertropliv  o'f,  706 

iDtlammation  of  (see  Mastitis),   70S, 

725 
male,  lesions  of.  735 
mal  formal  ions  of,  704 
nijiplc,  inflaiimiatiou  of,  705 
sut>ernumenirv.  704 
sypbilis  of,  7dfl 
liilKrculosis  of.  706 
tumors  of.  706 
Malta  fever 
^f•^li 
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lyloid  muss 
n  teratoma 


Manfredt,  ou  germicidal  action  of  lympti- 

nodes,  168 
M'innuberg.  ou  protozoa,  138 
Mnnton,  on  trypauoGoma,  180 
Miirchimd.  ou  endothelioma,  82^;  iin  hy- 
datid  n)o)cs,   688;     on    pathology   and 
embryology,  303 
M'lffhi' meUioA  for  nerve  tissue.  16.  19, 

887 
Mni-chiafarii  and  Iligniimi,  on  malaria  and 

mosquitoes,  386 
3fiiivii».  on  entrance  of  bacteria  by  iutes- 

tlne,  571 
JfiirJ-in.  on  concurrent  infeclion  iu  tuber- 
culosis,  517:    ou   lesions    of    bmncbial 
lymph-nodes,  483 
M'irie.  on  spinal  cord.  813 
.Vanitmeu,  on  cln-umalolyals,  806 
Marrow,  boue-(:lianges  of.  iu  auiemia  and 

leukiemia.  887.  380,  744 
.Vaiiin,  <in  Hies  and  typhoid,  168 
yfatiin  mid  Benuie,  oii  caiiliac  thrombosis, 
-  43S 

Mnrtini,  ou  aiilo-iutoxication,  950 
Matrhka,  on  |>oisons,  858 
Mast-cells.  812 
Mastigopliora.  130 
Alastitis.  clii'oiiic,  706 

exuihilive.  acute,  70.? 
suppurative,  7^1 
Maximoic.  on  aniyloi<l  degeneration,  88 
McCnie.  burning,  lesions  of,  48 
McCfie,    Fysclie.   and  Ainleij,  annlysis  of 

leslotis  in  lobar  pneumonia,  4I>3 
MeF<id!i(a  aiifl  yfiirfonkry,  on  tuberele  ba- 
cilli in  mesenteric  lynipli-nodes.  553 
MeF'iriiind.  ou  vaginitis,  663 
MeM'irrieh.  Embryology,  39 
ilcSeiil  itnd  Son/,  on  culture  of  protozoa, 
188 
on  trypanosoma  culture,  130 
AteWiviirj/.  on  rupture  of  o'sophagus,  530 
Measles,  378 
"Measly  "  pork.  135 
Meckel's  diverticula,  546 
Metliastliuim.  lesiims  of,  031 
Me<llco-legal  autopsies,  87 
Megaloblasis.  877 
Megalocyles.  375.  877 
Mcraniemia,  381 
Jlelaiio-curcinoraa,  848 

sarcoma,  815 
^ellitr,  on  protection  of  the  bodv  against 

lufectiou,  163;  on  pyloric  stenosis.  533 
iltwtrUr,  on  tmnsplnnialion   of  tumurs, 

396:  on  epithelial  metaplasia,  M 
Metdr.gitis,  acute,  768 
ceTluhir,  768 

cerebro-splual,  acute,  218 
cerebro-spiual,  epidemic.  318 
chronic,  771 
exudative.  768 
purulent,  76^ 

relation  of  middle  ear  to,  771 
spinal.  777 
suppurative.  768 
sypiiilitic,  778 


Digitized  byGoOgIC 


■-  HtsDingitis.  tuberculous.  772 

typhoid,  ret.  28.'} 
Mercuric  cliloride,  in  tissue  flxation,  53 
Mercury  poisoning,  ^54 
Merismopediu.  14n 
Men)/ite3  in  malaria,  280 
-  Sfc-sciitery,  cysts  (if,  574 

einbotlsm  and  tlirombosis  of  vessels 
of.  550 
Meiliiff  aiul  Parent,  on  tuberculosis  of  pa- 

rulid,  576 
MestiUii'liuD),  115,  825 
Jicssinates.  I)nct«rlal.  151 
Metabolic  pi^nient,  89 
Helaclironialu;  granules  in  bacteria,  144 
Itlctsplasia,  »S.  U4 
MctMtiisiR  of  tumors,  293 
Mcttiyleoc  blue  stain.  60 

t)luc  stuin  for  bacteria,  154 

bluu  ntaiu  for  nerve  tissue.  8»H 


climnlc,  674 
pam-,  674 
3ieUehiiUojf.  on  immunity.  196:  on  inllam- 
matlon,  134;  on  phagocytes  in  eytoiysis, 
1H9;  on  protective  action  of  sliin,  etc., 
Wi 
Xeyei;  on  obstruction  of  vcnu  cava.  462 
3feyiierl't  mctliod  of  brain  dissection,  14 
>licnilN-s,  143 
Slieroccplialia     (see     Mai  formal  ions     of 

Brain).  7B2 
Micrococcus,  143 
gouorrliipic,  216 
lanciiittitus  (see  Pncuniococcus),  213, 

480 
lanccolatus.  diameters  of,  214 
incllten^s,  265 
pyogenes  aureus.  204 
tetntfCcDus.  312 
Micmcvtiisc,  190 
Microcytcs.  IM,  ST-I 
Mirrogaiiietc  in  malarial  parasite,  283 
Micron,  deflnition  of.  144 
Micni-orgaiiisms  (ai'c  Bacteria).  143 

"ullraniieroBcopir,"  287 
Mlrrospomn  furfur.  IBO 
Microtome.  57 

Mirezkoirtki,  on  gall-stones  and  micro-or- 
ganisms. 614 
^licsclier,  tubes  of.  183 
Mifiniit,  on  gall-slOLics  and  micro-organ' 

isms.  ref.  614 
Milk  as  culture  medium.  155 

precipitin  test  fur,  193 
Xillrr,  on  back-ria  in  uterus,  670;  on  lipo- 
ma of  kidneys.  648;  on  lymph-vessels  In  - 
lung.  489 
Mil'iUirii.  on  tnlNTcIc  bacilli  in  lymph- 
nodes,  253 
itiii"t,  on  cmbryological  basis  of  palhol- 
iigv,  303;  on  rctrogifs'sive  proces-scs,  78 
-ViViVi.  on  teratoma  of  liver.  608 
MUrliell.  on  foreign  boilies  in  liie  ai>pen- 

dix.  565 
Mitosis.  95 


SX.  867 

Mitosis,  abnormal,  97 

aty|)ical  in  tumors.  803 
signiUcance  of,  97 

Mitotic  Sgure,  96 

Mixed  infection,  168 

Moles  of  placenta,  687 

Molluscum  eontagiosum,  848 

Mou  osier.  96 

Moiiid.  on  parasites,  142 

Monomorphism  in  bacteria,  146 

}ioiitennd  Hfi-ggriia,  onctiroaic  anaemia  in 
infancy,  891 

ifixire.  on  smallpox,  277 

Morbus  mac u loans  neonatorum,  71 

Morf.  on  sarcoma  of  Uiyroid,  415 

Morphine  poisoning,  SS6 

MffrroiF.  {HI  leprosy,  256 

.Vvme,  on  cirrhosis  in  childhood,  6O0 

MiKlimifUt,   on   tet»nuB   aatitoxln   treat- 
ment, 364;   on  carcinoma  of  uppeudix, 


MoKi;  on  cardiac  tuberculosis.  44U 
Miter  nitA  Cletnem.   on  streptococcus  ag- 
glutination, 207 
Mmiiff.  on  oysters  and  typhoid.  237 
Mosuuito  as  intermediary  host  Id  tnakria. 
281 

In  malaria,  ref.  286 

in  yellow -fever  infection,  373 

in  lymph-vessels  of  nose,  ref.  467 
Mntlier  marks.  338 
Moukis,  143,  159 

ns  e.ieilants  of  pneumonia,  499 
Moulh,  bacteria  In,  535 

cy.sl9  of.  534 

-  inlliimmatiiiu  of  (sec  Stomatitis).  532 
nialformatiousof.  523 
micro-organisms  iu,  ,'i35 

syphilis  of.  5'i4 
tiiliercidusis  of,  528 

-  tumors  of.  534 
Mucous  degeneration.  85 

membranes,     intlamniation,     pseudo- 
membranous, of,  309 
membranes,  regeneration  of,  ref.  103 
patch  of  mouth,  624 
patch  of  vulva.  660 
Mii/ilmiiii.  on  senility.  78 
Jfiiir  iind  liiUhte,,  Manual   of  Baclcriol- 

ogy.  3»8 
M/illrr,  on  abrin  and  ricin   inio.vicalion, 
301 ;  cm  natural  immunity,  172;  on  thy- 
roid, 414 
Mnller's  fluid,  formula  for.  62 
Alummllicatlon,  91 
slumps,  574 

Miimrr,  on  deciduoma,  686 
Muscle,  754 

-  atrophy,  liponmtous,  766 
ftlropiiy  of,  7.54 

atrophy,  progressive,  of.  764 
calcification  of,  7.W 

-  degenerations  of,  7,57 
embolism  of.  7,^i9 
ha-mon'hagc  of,  759 
hyperplas^  replacement  of,  700 
hypertrophy  of,  7.54 
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Miiacit,  liypertronliy.  jiscudo-.  oF.  T50 

infarctioiie  ui,  7^9 

iuBltraiioD,  hydropic,  of,  75b 
-    iaflaminaliou  of  (see  Myositis).  TSQ 

injuries  of,  758 

necrosis  of,  754 

pttrasiles  of,  761 

plgmeiit  in,  8H,  4S8 

rcgi-ueralion  of.  100 

rupture  of.  758 

Bypbilisuf,  760 

tuberculosis  of,  760 

lumors  of.  760 
Museum  Hpedmeus,  melliod  ot  preparing. 


Myositis,  ci ironic,  750 

exiidMtive,  75S 

interstitial.  T59 

ossin:»nR,  760 

suppurative,  75D 
-  Myxtpdema,  861 
Myxoma.  311 

of  bone.  746 

of  bmin,  838 

of  dura  mater  sploiLlis.  ' 

of  bean.  447 

of  larynx,  470 

of  liver.  007 

of  lympli-uo(K-s,  400 


130 


ind  Clfffff.  on  trypauosuiiiiasis. 


Mus^'l  poisoning,  858 

M'ii«<er,     I'ftivr,   and   ilywn,  on   alreplo- 

ilirlx,  225 
Myrelium  of  moulds,  15B 
BIy<viHis,  inluBUnul,  222,  554 

pliaryngls.  526 

pliaryiigO'leplutlirica,  325 
Mycotic  endoi'anlitis.  442 
Myelitis,  acute  disseminnLed,  832 

anterior  liorn,  828 

central,  823 

clironic.  »29 

parencliynmtous,  822 

peripheral,  823 

t  runs  verse.  822 

iinilatemi,  823 
Blyeloeyies  In  lcukti;niic  niairoiv,  745 
Slyeloina.  748 
Myeloplaxes,  747 
'  Myocanlitis,  437 

exiiilative.  487 

interstitiale,  4»7,  438 

suppurative,  437 

sypLilEtlc,  441 

mfierculous,  440 
Myooaniluni  (see  Heart),  428 

diplillicrilie  lesions  of,  ref .  308 

fragnietitatiou   anil   segiuentation  of. 


43t< 


Myo,     . 

iiilcnomatous,  of  uh;rus.  678 

lieviccllulare.  328 

of  appendix.  508 

of  Fallopian  tubes,  708 

of  licart,  447 

of  intestines.  565 

of  kidueys,  643 

of  asopliagus,  532 

of  ovaries,  693 

of  parotid,  -^77 

of  stomacli  541 

of  testicle,  721 

of  uterus.  676 

of  vagiua,  668 

of  veins,  464 

of  vulva,  681 

striocellulare,  329 
Myomalacia,  488 
Myosarcoma,  330,  404 


of  n 


1.709 


male,  733 

of  muscle,  760 

of  nerves.  835 

of  parotid,  576 

of  pla  mater  cercbralis.  774 

of  pis  mater  spinalis,  777 
Myxosarcoma.  820.  885 
Myxospuridia,  131 

Nabothian  glauds,  85,  672 

yiiegeli.  on  statistics  of  tuberculosis.  251 

Nievi.  congenital,  of  skiu,  SS8.  345 

NflKana,  129 

Kebellhnii,  n»  statistics  of  intestinal  tuliei 

culosis.  558 
Neck,  appearance  of.  in  strangulation.  44 

ci'sts  of.  C26 
Necrosis,  8U 

coagulation,  81 

coagulation  In  diplitlieria.  200 

coagulation  in  tubercle.  244 

fat.  02 

fat.  of  pancreas.  578 

focal.  01 

f<ical,  in  typhoid.  233 

focal,  lesions  of.  301 

of  adrenals.  417 

of  bone,  738 

of  muscle.  754 
Xfiiver  anil  Liptleii 
pyogenes  aureus,  ! 
Aeinter  iind  SchUtt,  on  gonococcus,  S 
Neufatodft,  187 
N[-|)liritis,  diffuse, 


I  Stapbyloeoccus 


^  624 

diffuse,  acute,  degenerative  Evpe,  627 
diffuse,  acute,  excitants  of,  6^ 
diffuse,  acute,  exudative  1yi>e,  627 
diffuse,  acute,  glomerular  type.  627 
diffuse,  acute,  bamorrhagic  type.  027 
diffuse,  acute,  inlerstitlRl  type.  627 
diffuse,  acute,  parendiymatous  type. 

627 
diffuse,  acute,  productive  type,  637 
diffuse,  cbronlc.  630 
diffuse,  chronic,  excitants  of,  637 
diffuse,  chronic,  general  consideration, 

630 
diffuse,  chronic,  interstitial  type.  634 
diffuse,     chronic,      parenchymatous 

type,  683 
dilfuse,  chroi 
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Nephritis,  pxprrimcntal,  ref.  687 

exudative.  627 

geDoml  coDsideratton  or,  623 

glomerulo-,  625 

iiitcrstitinl.  627 

malarial,  639 

peri-,  641 

prodiictivf,  627 

pyelo-,  689 

Hiippiirativt.-.  023 

sypliilitic,  989 

lulierciilaiis.  688 
Nephrolyttc  serum,  IS,') 
Nephroma,  liyper-,  644 
Nephrotiixin,  im 
Nerve  cell,  degeneralions  of,  802 

(.■ell,  nature  of,  787 

cell,  pigment  of,  790 

cell,  structure  i<t.  797 

fibrt's,  dcgenemtion  of.  803 

flbres.  Marchi's  mctliml  of  staiaing, 
887 

tissue,  HeUl's  method  of  staining,  889 

tissue,   methodB   of   preparation   and 
study,  887 

tissue,  Nissl's  metliwl  of  staining,  688 

tissue,  regenenitlOD  of,  100 

Wei^ert's  metiiod  of  staining,  838 
Nerves,  degenoratir"     '  """ 


of  neurone  in 

inflanimation  of  (see  Neuri 
injuries  of.  785 
leprous  Intlammatlon  of.  8 
preservation  of.  19 
regeneration  of,  807 
selonisis  of.  827 
tumors  of,  8M 
■rvnus  system,  763 


80» 
system,   method  of  preparation    nnd 

study,  887 
system,  neurone  theory  of,  797 
system,  regeneration  of.  807 
system,  syphilis  of,  881 
system,  tuberculosis  of,  680 
system,  tumors  of.  838 
Xellfi-.  OD  bacteria  in  plcuritis.  473:  on 
plague  serum.  S67:  on  pneumoeoccus 
III  empyema,  474 
yfiifrlti.  on  streptococcus  agglutination, 

B07:  on  typhoid  bacillus,  288 
yfimaan.  on  bacteria  of  nose,  467 
Neuritis,  chronic,  837 
exutlativc.  826 
multipk-,  836 
Neuroglia,  genesis  of,  808 
hyperplasia  of,  807 
nature  of,  801 
Neuroglioma  gangllonarc  of  hmin,  838 
Neurolytic  serum,  18-1 


Neurone,  nature  of,  797 

system  degenerations,  807 

theory  of  nervous  system,  797 
Neurones,  action  of  fatigue  on,  806 

action  of  toxins  on,  804 

degeneration,  primary',  of.  811 

degeneration,  secondary,  of,  809 

motor,  cortlco-spinal,  806 

motor,  peripheral,  808 

motor,  upper,  808 

sensory,  lower,  808 

sensory,  peripheral,  808 

sensory,  upper,  808 

systems  of,  808 
New-bom,  autopsies  on,  89 

enceplialitis  in,  828 

biemorrbagc  in,  71 

size  and  characters  of,  89 

tissues  of.  preservation,  42 
yeinnitn,  on  tumors  of  tonsil,  530 
Ntielon.  on  heart  rupture,  437 
Hie/ivU,   on  ganglion    cell    lesions   in    ty- 
phoid, 335;    on  tran3|)lantation  of  tn- 
mors,  396 
SiroUi*  and  Benv,  on  the  spleen  In  infec- 
tion, 163 
Nipple,  eczema  of,  705 
Xiut't  nerve  stain,  838 

staining  method,  638 


staining  methotl,  638 
803  Nitrolienzof  poisoning.  SUt 

is),  836  y'leiml  and   f^dnidffif,   on  i 


Neu: 


of  adrenals,  418 


(   f^dnidffif,   on  microbic  dis- 
eases of  animals,  268 

of  vulva,  660 
Nonnobhists,  877 
mrrit.  G.  ('.,  on  carcinoma  of  appendix, 

A''ii-ii»,  Ch/i».,  on  bacterial  precipitins,  102 
yi/rrin,  Chn*.,  and  [Mrkin,  on streptolhrix, 

223;  on  strcptothrlx  pneumonia.  496 
A'ortbriip,  on  interlobular  eniplivsema  of 
lung.  487;   on  reptilian  heart,' 438;   on 
tiiberrulous  bronchhkl  lymph-nodes.  398 
NoHhriip <inA  CmndiiU.  on  scuivy,  866 
A'oiliit,  on  persistent  thymus.  412 
-  Nose,  bacteria  in.  ref.  467 
cysts,  dermoid,  of,  468 
iutlammation  of,  467 
lymph  vessels  of,  467 
niucous  membrane  of,  467 
polyps  of,  467 
tumors  of,  466 
Xory  n)id  .VeXeal.  on  try panosonia ,  130 
A'liueg,  on  accessory  adrenals,  416 
"  Nutmeg  "  liver,  690 
Xiilt'ill.  OD  bloo<l  immunity  and  blood  re 
lationship,  190;  on  rOlc  of  insects  io  in 
fection,  163 


Olifrmfiei:  spirillum  of,  266 
Odontoma.  327 
(Edema.  71 

malignant,  208 

of  brain,  789 
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(EtlvRia  of  gloltis.  26,  408 

of  labia.  OSB 

or  lung,  4H4 

of  pia  niater  cercbralis,  7B7 

of  vulva,  ess 

purulent,  200 
Oertel.    on    ccliinocoecus    mnltilocHlaris, 

em 

Oerti'l's  lesion.  311 
O^MipliagitiB.  S83 
IKsopbagiis,  530 

aciiuD  oF  piiisoDs  od.  3Q1 

cysls  of,  58S 

diUtatioDS  of.  .530 

diverticula  of.  iJ31 

examinatioD,  post-mortem,  nf,  30 

Imniorrhagc  of,  530 

iuQaromatioti  of,  5S2 

lymph  nodules  of,  n-r.  538 

nialforniatiooe  of.  580 

perforatioD  of.  530 

preservation  of.  26 

rupture  of,  580 

Bieoosis  ot,  531 

varices  of.  in  cirrlioelH,  580 
Oidiuni  atbicaos,  161 

albicans  in  vagina,  663 
Oligocytbteniia,  878 
Omentum,  cysts   of,  574 
hernia  of,  549 

examinutlon.  post-mortem,  of,  SO 
Ooiilioritis  (see  Ovaritia),  089 
Opfiiilt.   on  bacteria  in  pulmonary  gaii- 
gr{!ne,4b8:  on  corpora  amylacea,  83;  on 
typlioid  witliDut  lesions.  235 
Opie,  on  cliolclitliiasis  an<)  diseases  of  pan- 
creas, 580;    on    corpora    araylacea,  88 : 
illsrases  of  pancreaa.  364;  on  fat  necro- 
sis, 570;   on  fllnnal   lymphatic  varix, 
46.5:  on  hremochi'omatoBis,  88;  on  lym- 
piiatie  varix.  141 :  on  pancreas,  578 
O/iilt.  on  entrance  of  bacteria  by  iules- 

ttne.  571 
Opium  poisoning.  356 
Oi>i)riih(iiii.  on  multiple  selerosis.  828 
Oj>penhHmer,  on  bacierial  poisons.  164 
Orchitis,  chronic.  718 
exudative,  acute,  717 
leprous,  730 
sypliilitic,  720 
luberculons.  719 
Oreans,  size  and  weight  ot.  ref.  Vierordt 

Tables.  8 
Ort/imn/in.  on  retro-ovarian  rysts,  708 
Ortli's  fluid,  formula  for.  52 
Oftfi;  on  hair  balls  In  stomacli,  546:   on 

spoDLdic  cretinism,  ref.  861 
(Mrr  mid  MeCrae,  on  carcinoma  of  Htom- 

aeli  in  tlie  young.  544 
Oamic  ncid.  as  Bxatlve,  52 
OssiflcAtion,  irregular,  in  rickets,  740 
Irregular,  in  syphilis,  787 
of  bronchi,  481 
of  muBclc,  760 
of  penis.  715 
Osteitis,  731 


Osteitis,  condensing,  784 
ossifying,  782 
Elying,  733 


iuppu. 


784 


syphilitic,  736 

tuberculous,  736 

ulcerative  (see  Caries).  730 
Osteoblasts,  780.  734 
Osteoclasts,  78'J 
Osteoid  can«T,  748 

tissue,  737 
Usteoma,  826 

malignant.  748 

of  bone.  748 

of  brain.  833 

of  dura  mater  cercbraMs,  765 

of  lung,  526 

of  pia  mater  cerebralia.  774 

of  spinal  cord,  884 

of  testicle,  731 
Osteomalacia,  744 
Osteomyelitis,  acute.  786 

chronic.  736 

infective.  785 
Osteophytes,  730,  746 
Osteo- porosis,  733 
Osteo -sclerosis.  784 
Ostoses,  746 
Otif  'IikI  Kmiit.  on  pathogenic  blaatomy- 

cetes,  1.59 
Ottoltnijhi.    buctertn    in    cadaver,    5 ;    on 

pneumococcus.  315 
Ovarian  pregnancy,  704 
Ovaries,  688 

clianges  in  position  and  size  of.  688 

cyst -adenoma  of,  698 

cysts,  dermoid,  of.  699 

cysls  of,  697 

displacements  of.  688 

examination,  post-mortem,  of.  36 
. .  ha.'morrhage  of,  689 

hernia  of,  689 

hypenemia  of,  689 

Inlfamniation  of  (si-e  Ovaritis).  689 

-  malformations  of,  688 
size  and  weight  of,  86 

-  syphilis  of,  691 

'  teratoma  of,  699 
■  tubercnlosis  of.  691 

-  lumora  of,  691 
Ovaritis,  exudative,  acute,  689 

interstilial.  chronic,  689 

syphilitic.  691 

tuberculous,  691 
Ovuia  Nabothi,  686 
Oxyurides  in  bladder,  urinary.  (154 
Oxyuris  in  vagina,  663 

vcnnicularis.  138 
Oysters  and  typlioi<l  fever,  287 

Pacchiokias  bodies,  10.  766 
Paclivdermia  verrucosa,  469 
Pacliymeningiiis,  768.  776 

acute  cxiernal.  763 

acute  Internal,  763 
-  chronic.  764 

iDternal,  htemorrbagie.  761 
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I,  of.  83 


Pacliy meningitis,  syphilitic,  766 

-  tubereuioua,  765 
Paekiird,  on  tonsils,  S28 
Paget'a  disease.  705 
pHlate.  cleft,  523 

.  Paucreas.  577 
.  -  Bccesaory,  577 
atrophy  of.  577 
autiMiigeatiou  of.  577 
ciilculi  in.  5t^ 

cLiilelltbaiaiH,  effect  of.  on,  5 
cuiicretious  in.  OHS 
cysts  of,  581 

-  degcuerations  of.  077 
dialietea  aaci,  304 
(iisplacDinents,  577 
ducts,  cysta  of.  ittil 

fat  necrosis  of,  078 
foreign  bodies  iu,  083 

!;ani;i'cae  of.  5U0 
iienioiTliage  of.  679 
inttltration,  fatty,  of,  577 
Inlianiniatioit  or'(aee  Pancreatitis),  580 
JyingtrAnnt.    islets    of,    degeocratiou 

of,  57B 
malf urinations  of.  577 
parasitea  of.  583 
prcscrvalion  of.  83 
reluliun  to  diabetes.  578 
size  iind  weiglit  of,  33 
sypliiiisof,  ^1 
tiibereulnais  of,  581 

-  tiiniora  of.  581 
Punci-eatltis.  experimental,  ref.  080 

bismorrhagic,  580 
■    interstitial,  clironic.  580 


:,  560 


Pancreolytie  si 
Papilloma.  30& 

of  bladder,  urinary,  653 

of  Fallopian  tubes,  703 

of  kldneva,  943 

of  larynx,  470 

of  nioutb,  531 

of  ceaopliagus.  033 

of  ovaries.  691,697 

of  pcnla,  714 

of  peritoneum,  H'Ti 

of  atoiiiacli.  541 

of  vagina.  603 

of  vuTva,  660 
Paruffln  as  embedding  medium,  55 
Paralysis.  Landry's,  835 

spastic  spinal,  812 

sjiinal.  infantile.  B38 
Parametritis,  674 
Paraphimosis.  714 
Paraplegia,  ataxic,  818 

spastic.  813 
Paraailes,  animal.  128 

plant,  148 
Paratyplioid,  388 
Parenchymatoua  degeneration,  79 
Paresia  of  insane,  brain  Icaions  in.  838 
P'D'k.   It.,  on  osteomyelitic   detomiitiea. 
736;  on  tumor  parasites.  801 
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Park.  W.  H..  Bacteriology  in  Medicine 
and  Surgery.  155.  388;  on  dipblheria 
antitoxin  making;.  263 ;  on  influenza 
bacillus.  326 

Parotid,  374 

-  intlammation  of  (see  Parotitis).  574 
Parotitis,  574 

Parovarium,  cysts  of.  690 
fttraon*,  on  post-typhoid  Ixine  lesions.  33.1 
Pns»/er.  on  carcinoma  of  lung,  520 
Pasteur,  preventive  inoculation  iu  rabies. 

370 
Patliological      morphology,  characteriza- 
tion of.  67 

phyaiology,  characterization  of.  67 
Pathology,  comparative,  3B8 

general  introduction  to,  05  ■ 

Bt>ecial,  87 1 
Pnirloiriky,  on  elimination  of  bacteria.  163 
Petnve.  on  bacteriology  of  scarlatina,  378; 
on  development  uf  islands  of  Laagi-r- 
hans,   578;   on  leptothrix.   325;   on  ne- 
phrotoxina.  185 ;  on  ayphilis  of  pancreas, 
581 
Pearls,  epithelial.  348 
Pedicnlus  capitis.  143 
PeUeie.  on  arsenic  as  a  poison,  854 
Penis,  balanitis.  714 

calclHcation  of,  710 

calculi  of,  715 

condyloma  of.  714 

cysts,  dermoid,  of.  710 

cysls,  sebaceous,  of,  715 

elephantiasis  of,  715 

enlargement  of,  718 

epispadias,  713 

eryaipelaa  of,  714 

examination  of,  34 

fibroua  platea  \ih  714 

furuncles  of.  714 

hiemorrbage  of,  714 

herpes  of.  714 

liyiK>spadias,  718 

indurations  of.  714 
_  inlianmmliou  of,  714 

injuries  of.  714 

malformations  of.  713 

ossilication  of.  715 

paraphlmoaia  of.  714 

-  pbimoaia  of,  714 
smegma  of.  714 
syphilis  of.  714 

-.  tuberculosis  of,  714 

tnmoi-s  of.  714 
Pentastomum,  400.  411.  610 
Periarteritis,  450 

nmlosn,  454 
Pericanalicular  flbroma  of  unimma,  708 
Pericardial  adhcaions.  421 


Ijactcria  in,  431 

-  clironic,  421 
exudative,  430 
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Pi' Heard! tis,  fibrinous,  4S0 

obliterating.  431 

purulent,  421 

scro-libriDnua.  430 

suppurative,  421 

luberculous,  422 
Pmcardium,  419 

air  in,  419 

calciHcotioD  of,  431 

cyms  of,  433 

Jropsy  of.  419 

I'xamJDation.  poat-tnortem,  of.  33.  41 

Ubrous  iiucliiles  iu,  423 

tasniorrtiagc.  419 
-    hydro-,  419 

iudainniaiion  of  (see  Pericarditis),  430 

injuries  of,  419 

ol)1ileretloD  of,  421 

pueumo-,  419 

tumoTB  of,  433 
Perihepdlitis.  604 
PeriiiietritiB,  647 
Perinephritis.  641 
PerioBteum,  736 

hieiiuirrliage  of,  72S 

liy  penuinU  of,  736 

iutlamniBlion  of  (aee  Periostitis),  738 

tumors  of,  745 
Periostitis,  exudative,  728 

Qbroiis.  730 

infective,  738 

iiiall)rnaDt,  T-11 

ossifying.  730 

Buppumtlve,  T38 

sypldlitic,  781 

tuberculous.  7S1 
PeripliU-bilis.  463 
Perisplenitis,  409 
Peritonemii,  568 

asi^ites  of.  568 

eysts  of.  574 

iuflamniation  of  (see  Poritoi litis),  669 

ninlformutluus  of,  508 

parasites  of.  574 

tumor*  of,  ,573 
Peritonitis,  acute.  569 

bacteria  of.  ,'570 

cellular,  509 
.    ckrouic,  5T1 

exudative,  569 

suppunitive,  560 

tuberculous.  571 
Perkiiu  aiui  Fay,  on  bacteria  in  smallpox. 

375 
Pertussis,  278 
Pest  (see  Plague),  366 
Peteuhiie,  70 

Piiei-Mii,  on  reelal  striclure,  583 
Petri  plates,  155 
Petnmhky.  on  streptotUrix,  325 
Peyer's   patches  in   typhoid    fever,   228, 

239   . 
W'jT.  on  (Psophageal  diverticula.  531 
iytiffer.  studies  oT,  on  cliolera  vibrio,  183 
Pliagocytes,  IIS  (aee  also   leucocytes  as 
Pliagocytes) 

action  of,  in  cylolysis.  189 


Phagocytes,  endothelium  as,  ref.  Heiaa, 
593 
in  blood  clots,  70 
in  intlammation,  125 
in  typhoid  fever,  381 
PLaryugltis.  "adenoids"  in,  Sil 
catarrhal,  537 
-  dipLtheiitic,  527 
phlegmonous.  537 
tuberculous,  528 
Pharyngo- mycosis  lepnthrica,  225 
-Pbarj'nx.  468.  538 


T. 


a  of,  £ 


diverticula  of,  528 
examination,  post-mortem,  of,  26 

—  SaluliE  of,  526 

InllaniiDation  of  (see  Pharyngitis),  r)37 
malformations  uf,  936 
mycosis  of.  536 
tumors  of,  539 
■  Phimosis.  713.  714 
Phlel>eclasla.  460 
PJilebitis.  463 
-  acute,  463 
bacteria  of,  463 

-  chronic.  463 
endo-,  chronic,  468 

-infective.  463 
suppurative,  463 
syphilitic.  468 
tutwrc ulcus,  468 
uterine,  675 
Phleboliths.  78.  461 
Phlegmon.  199 

gaseous,  268 
PliloridziD  diabetes,  365 
Pliloroglucin  as  detalclfying  agent,  54 
Phoapliorua  necrosis  of  bone.  739 

poisouiiig.  358 
Phthisis,  511 

acute  (sec  Lungs,  Tuberculosis   of), 

503,  518 
chronic  (see  Lungs,  Tuberculosis  of), 

504 
experimental,  618 
Pia  mater  cerebmlis.  766 

mater  cerebralls,  cysts  of.  775 
mater  rerebralis.   examination,    post- 
mortem, of,  10,  40 
mater  cerebralis,  litBniorrhage  of.  767 
mater  cerebralis.  hypenemin  of.  767 
mater  cerebralis.  iudamination  of  (see 

Meningitis),  770 
mater  cei'elimiiB.  vdema  of.  767 
mafer  cerebralis,   Ricchionian   bwliea 

in.  706 
mater  cerebralis.  parasites  in.  77.^ 
Hiater    cerebralis.     plginentalion   of, 

768.  775 
mater  cerebralis,  structure  of,  786 
mater  cerebralis,  tumors  of,  778 
mater  spinalis,  776 
mater  spinalis,  bone  in,  777 
mater  spinalis,  cartilage  In.  777 
mater    spinalis,    examination,    post- 
mortem, of.  17,  40 
mater  spiniilis,  lia'morrhagc  in,  777 
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Via  mater  Bpiualis,  Innammatiou  of  (see 
MeQingilis.  Spinal),  777 

mater  spinalis,  parasites  in,  7T7 

mater  Bpiualis.  tumors  of.  777 
ncro-acid  fucbsiu  as  staining  agent.  S9 
PUrmii    and     Unteiiei,     on     patltngenic 

moulds,  159 
Pigment,  anthracotic,  WI&,  404,  S02,  IS98 

liiEmatogfiious.  87  . 

bepatogenous,  88 

metabolic,  89 

of  red  biood  cells,  874 

test  for  iron  in,  88 
Pigmentation,  87 

of  Addison's  disease.  8H3 

of  adrenals,  417 

of  brain,  7B7 

of  liver,  592,  601 

of  lung.  501 

of  lyniph-no<les,  898 

of  nerve  cells,  799 

of  pia  mater  cereliralis,  77.') 

of  spleen,  404,  409 
Piles,  401,  568 
Pineal  gland,  lesions  of,  836 
Pinwonn,  188 

Pituiiurv  boiiy,  lesions  of,  837 
Placenta,  686 

apoplexy  of,  686 

cysis  of,  688 

degenerations  of,  686 

hwinorrliage  of,  686 

infarction  of,  686 
■  -  inllamniation  of  (see  Placentitis).  686 

moles  of,  687 

structure  of,  ref.  Eden.  686 

sypLilU  of,  687 

tuberculosis  of,  687 

tumors  of,  687 
Placentitis,  cbronie.  687 

suppurative,  686 
Plague,  266 

antitoiiin,  367 

bacillus  of,  266 

bubonic.  266 

Oriental.  266 

preventive  inoculations  in,  866 

serum,  267 
Plant  parasites.  143 
Plasma  cells,  60,  103.  119.  245 
Plasmodium  nialariie.  279 
Pleomorplilsni  in  bacteria,  146 
Pleura,  471 

as  portal  of  entry  for  bacteria,  ref, 
GnJifr.  .500 

calcillcation  of,  473 

cysts  of,  475 

cebinoooccus  of.  475 

luemorrbage  in,  471 

hydropneumotliorax,  471 

hydrothorax,  47  i 

Infection,  ways  of,  474 

inllammation  of  (sec  Pleuritls),  471 

lymph  vessels,  dilatation  of,  478 

pyopneumothorax,  471 

tuberculosis  of,  474 

tumors  of,  470 


of,  24,  25,  41 

exudates,  471 
Pleurisy  (see  Pleuritis),  471 
Pleuritic  adliesious.  474 
Pleuritis.  acute.  471 

chronic,  474 

"dry."  471 

exudative,  471,  472,  473 

flbriaous.  471 

sero- fibrinous,  472 

sicca,  471 

suppurative,  473 

tuberculous,  474 
Pneumococcus,  213,  314,  489 

agglutination  of,  214 

capsule,  staining  of,  315 

habitat  of,  215 

pathogenic  effects  of,  215 
Pneuniokoniosis,  503 
Pneumonia,  antitoxin.  316 

aspiration,  497 

bacillus  of  Fricdiander  in.  213 

bronclio-,  494 

broncbo-,  excitants  of.  498 

broncho-,  tuberculous.  500 

cheesy.  518 

class! Ucation  of.  480 

cooling  of  body  as  determiniug.  ref. 
500 

croupous,  489 

ex  peri  men  till.  ref.  499 

experimental,  ref.  Wndtaorih,  .500 

exudative,  489 

fibrinous.  480 

general  characters  of,  488 

utematogenous.  497 

hy]iostiitic,  498 

interstitial,  500 

lobar,  acute.  480 

lobar,  acute.  associatc<l  lesions  of.  403 

lobar,  acute,  bacteria  in.  403 

lobar,  acute,  bacteria  in  blood  in,  ref. 
493 


404 

loliar,  acute,  delayed  resolution  in,  408 

lobar,  acute,  experimental.  215 

lobar,  acute,  micrococcus  of.  313 

lobar,  ueule,  mixed  infection  in,  494 

lobular.  494 

"organizing."  498 

"patchy,"  404 

"purulent  infiltration  "  in,  484 

pyiemic.  497 

reversion  of  epithelium  In,  501 

syphilitic,  519 

tuberculous.  502 

tuberculous,  varieties  of,  503 
Pneumonitis  (see  Pneumonia).  488 
Pneumopericardium,  419 
Pneumotoxin,  315 
Poikilocytes,  375 
Poisoning,  examination  in,  30,  88 
Poisons,  350 
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•is<)ii9.  abrin,  8ST 
acid.  ar8tiii[>us.  S53 
acid,  carbolic.  SoG 
acid,  carbuiiic,  iriS 
acid.  ti}'dn>cliloric.  353 
acid,  li^dmryanlc,  Ii56 
BL-id.  nitric.  Sni 
Bcid.  oxalic.  8-13 
acid.  RLiipiuirlc.  BRI 
Hcid.  tartnric.  853 
aconite,  858 
alcolKil.  »5G 
alkHlics.  853 
alkaloidnl.  85S 
uldeK.  !l.55 

arwiiir.  Sfilt 

bacterial,  l(H.  SSQ 

cantbaridca.  855 

carbonic  oxide,  S57 

Cheesp.  35ti 

clilorul  liydrate.  857 

clilor<)riinn..  857 

cluesiticatiou  of,  860 

cnlcbiciim.  8,55 

coloryDtli.  855 

conlum.  358 

cop|>er.  856 

wirniHivc  sublimate.  IW 

crot«ii  oil,  8,56 

digltBllH.  BV< 

elaU'riiim.  855 

endogcnoiiR.  850.  858 

endogenous,  bibliography  of.  G 

eiitcniKCuiF,  839 

etlitT,  857 


fuDgi.  8,56 
gamboge,  855 
liclk'bore,  356 
hisiogenic.  859 
ice  d'enai.  858 
inorganic.  851 
iiisiTt.  857 
jakp.  855 
lead.  855 
lolH-liti,  358 
mcrciirj',  854 
mnrpbine,  856 
muRseltt,  868 
nJtrobeuxol,  356 
DUX  viimica.  857 
opium.  856 
orgunic,  8,^1 
Paris  green,  mi 
pliosplionis.  358 
potaflli.  85'2 

potH»iKiuni  cyanide,  856 
potaiuiuin  nitrate.  3,52 
poru»vuum  oxalate,  3,52 
ptiimnrn.  858 
piitrefaclive.  358 
ricin,  357 
savin,  855 
sauRa);c.  358 
scumnioiiy,  855 


Poisons.  SeheeWt  green,  354 

snake.  166 

etxia.  352 

stramonium.  858 

Btrycliuinc.  867 

tartar  enielin.  856 

turjicntini',  855 

vegflabie  Irritants.  855 

venom,  animal.  857 

veralria.  855 
Poisoning,  autopsies  in  case^  of.  88 
FbUiillon.  on  lung  stones,  473 
Polar  body.  85 
~  Poliomyelitis,  anterior.  823 

PnlycliTomalopliilia,  887 
.  Polyps  o!  bronclil.  481 

of  Intestines,  666 

of  nose,  467.  468 

of  pbnrvDX.  529 

of  uri'tlira,  658 

ot  uterus,  676 
Pojioii.  on   spinal  cord  In  arsenic  poison- 
ing. 854 
Porencephalus.  836 
Portal  vein,  lesions  of,  686 

vein,  post- m  orte  m  ei  and  Da  lion  ©r.  32 
Portals  of  entry  of  bacteria,  168 
PonneU,    on    ecbinococciis    muliilocularis, 

609 
Post-mortem  clianges  in  bmly.  4 

changes  In  blood  dislribuiiun,  9 

cliangCR  in  intestines,  80 

changes  In  liver,  88 

changes  in  stomach.  634 

clianges  in  surface  of  ImkIv.  4 

clianges.  relation  of  bacteria  to,  5 

clots  of  lieart,  38 

conturions.  7 

cooling  of  body.  6 

cultures.  87 

decompnsilloD,  6 

discidoratioti  of  viscera.  SO 

bacteria  In.  87 

examination,  closure  of  body  after.  36 

exatninution.  external  inspection,  8 

examination  in  tieu'-lxirn  cbildren.  39 

examination  in  suspected  poisoning. 
B8.  854 

examination,  Inlemal  inspectiiin.  8 

examination,  medico- legal.  87 

examination,  methods  of  making,  3 

cxaminatioD  of  abdonien,  19,  27 

examination  of  ndrenals,  28 

examination  of  aortn.  S3 

examination  of  lase  of  eniniuum,  15 

examination  of  bladder.  84 

examination  of  brain,  10 

examination  of  dura  maier,  10 

examination  of  et 


ofe; 


>.  1« 


examination  of  gen ilo-uri nary  organs, 

34 
examination  of  head,  9 
examination  of  tieart.  31 
cxatninatioQ  of  Intestines,  20,  80 
exaniinution  of  kidneys,  27 
examination  of  larynx.  26 


.Google 


Post-morlem  examinatioii  of  liver,  30,  83 
examiniirliiu  of  luugs,  35 
exainiuatioD  of  icsopliBguR.  26 
cxaniiDHlion  of  oiiicntuni,  3U 
examinntioQ  of  ovaries.  86 
exainiDatioD  of  pancreas.  33 
examination  of  pericanliiim.  33 
examination  of  jiiuvryox.  36 
ex  HI  ulna  II  on  of  pia  maier,  10 
examination  of  plpural  cavitiva,  34 
examination  of  scars  or  tatloo  marks, 

8 
examination  of  solar  plexus.  88 
examination  of  spinal  ror<l.  17 
examinalicin  of  spleen.  39 
'      examination   of  slomach  am)  duode- 
□  imi.  31,31 
examinalion  of  Ihyroiii.  26 
examinntion  of  thoracic  Oiict,  83 
c:(amiuatinn  of  thorax, IS.  31 
examination  of  ill  ems.  33 
fractures,  8 
Kas  formation,  5 
livpostaais.  4 
iiientiQcation.  4 
lesions,  alias  of,  ref.  33U 
marks  of  violence.  7 
medico- legal.  87 
piitrefnetion.  1 

rise  of  tcuiperaiirc,  6 

Potussinin  blclimmatc  in  Mniler's  Huiil.  S8 

Putaio  as  culture  meiliuni,  IRS 

l\»rer».  an  carcinoma  of  bmnclilal  clefts. 


Hiid  Piiyne.  on   liaclerin  of  rlieu. 


Prplilr.  on  hieniorrliagc  from  (esophageal 

veins.  580 
Precipitating  substances.  ISl 
Precipitin,  Ifll 

hncterial.  193 
Predisposition  to  Infection.  1R7 
Pregnnucv,  abdominal.  TU4 

cxirH-uterine.  708 

inU'rstitlal,  704 

ovarian.  704 

tubal,  708 

tiibo-a1)domlna1,  704 
Prepuce,  lesions  of,  714 
Preventive  inoculations  in  Asiatic  cholera, 
240 

iuoeulations  in  plague.  366 

inoculations  in  rabies,  370 

Inoculations  in  smallpox,  374 

iniiculations  in  tj-ptiold  fever.  237 
"  Prickle  cells  "  iu  epithelioma.  843 
Proglottides  of  tapeworm,  184 
.  ProsWte,  733 

-  abscess  of.  734 

-  atrophy  of,  723 
calculi  of,  72.') 

..  concretions  in,  725 
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Prostale.  cysts  of,  734 
-   degenerations  of.  733 

examination,  postmortem,  of,  84 
liyperplaslft  of,  723 
hyj>ertropliy  of,  732 
inllammation  of  (sec  Prostatitis),  721 
parasites  in,  72.^ 
tuberculosis  of,  *24 
tumors  <)f.  734 
Prostatitis,  731 
Prolectiveproteitls,  125 
Protclds.  defensive.  178 
Proteus  group  of  bncilli.  312 

vulgaris.  313 
Protozoa,  13» 

in  scarlatina.  377 
In  vafloia.  275 
method  of  study.  188 
Pruddiii,  on  bacteria  in  jileuiills,  472:  on 
concurrent  iufectioD   in  pulmonary  tu- 
berculosis, 510:  ond<-ad  tubercle  bacilli. 
250:  on  endocarditis,  mallgnaat.  444:  on 
uenroiiM.  multiple.  831 :  on  psendohy- 
IKTtrophy  of  muscle  In  multiple  neuro- 
ma. 757 1  on  rhabdomyoma  of  parotid. 

Priiddfit  mid  iliidtiijiyl,  on  dead  tubercle 

bacilli,  35(1 
Psammomn,  330.  766.  774,  776 
Pseudo-diplillieria.  300 

bacilli.  268 
Pseudo-hennflpbroditism.  713 
Pseiido-bypertnvphy  of  muscle.  756 
Pscudo-lcuVa'mlu,  390,  400 

spleen  in.  411 
Pseudo- membranous  In  Hum  mat  ion,  209 
Ptomains,  149.  358 
Puerperal  fever,  674 
-Piirptint,  367 
Pub.  11.1.200 
Pustule,  199 

malignant,  231 
Fvlniim.  on  encephalitis,  H32 
Patnum  mid    Taylm:  en  de>;eneratlon   of 

spina)  cord.  819 
Putrefaction  by  bacteria,  149 

-  Pyn'inia,  302 

cryptogeneiic,  303 
Pyelitis.  689 
,  Pyelo- nephritis,  clin)nlc,  640 

suppurative,  689 
'  Pylonis,  stenosis  of.  -'i83 
Pyogenic  bacteria.  304 
Pyopne  II  mo  thorax.  471 

-  Pyosalplnx.  703 
Pyo-scpticwmia.  308 
Pyrosoma  bigeinlnum.  183 

Qi  AKTEii  evil.  269 

yuf«»   'diff   Hmneif,   on   regeneration   rf 

intestinal  epithelium.  -IflO 
Quinsy  (see  Tonsillitis),  53-* 
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Itabiea,  lesious  of,  269 

preventive  inocuialion  in.  270 
statistics  of,  in  Uuited  States,  ref.  371 
'  Itacliliis.  740 

IlHiliiim,  action  of.  on  bncteria,  148 

H-iiiiry.  tubt'S  of.  132 

ll'iiiig.  ou  nerve  lesions  in  diplitln'ria,  2«0 

liiiiiimy,  nil  tumors  of  adrenals,  418 

Itanuln,  525,  .'i76 

HiUK-hkrii,  on  eiuiollielionia  of  vagina,  603 

llunscbbmnd.  36fl 

lliirfiirl,  on  bovine  tuberculosis.  2.12:    on 
entrance  of  bacteria  by  intestine,  S71 

Riirciiel  iind  MrCorthg.  on  rabies,  370 

-Itay  fundus."  224 

Hewi>tor8  m  side-chain  hypothesis,  177 

Kectocele  vaginal  is,  662 

Iteetiini.  iiaiiiiurrlioids  in.  1563 
-    iunaniination  of,  163 
of,  582 


fever.  273;    on   stegoniyia  anil   yellow 
fever,  278;  on  yellow  fever.  273 
Heeit.  CfifniU,  nud  AgriimouU.  on  yellow- 
fever  infection.  378 
Rettl.    Viiughii.  iiud   Shiikt*}ieare,  on   flies 

anil  typlioiil.  237 
Itcgencration.  M 

of  blood,  IC) 

of  blood-vessels.  104 

of  l)one.  105 

of  cartilage.  IK 

of  cells,  m 

of  C(.'l1s.  impulse  to,  106 

of  connective  tissue,  103 

of  epitlieliiim,  101 

of  fat.  lai 

of  gluDils.  103 

of  liver.  103 

of  lost  iiarls.  SO 

of  lynipb-nwles,  ref.  896 

of  muscle  tissHC.  100 

of  nerve  tissue,  100.  807 
special  tisAiies.  100 


of 


3.  00 


,   120:  < 


pluises  of,  04 
Ueiiibiieli,  ou  granulation  t 

imturcof  colloid,  414 
Bdiiiinn,  ou  Me<'kers  iliverliculuin.  546 
Mtineboth  unit   KM/mi-^t,   on  pncuinouta 

and  cor)liug  of  bodv,  SOO 
Relapsing  fever,  265" 
lleiuil  calculi,  634 
HdioH,  ou  pathogenic  moulds.  ISO 
Ke[>air  of  Injury,  108,  117 
Reproductive  organs  of  female.  630 

orgaus  »f  male,  718 
Itesolution  in  iuflninmatloD,  115 
Respiratory  system,  467 
Reversion  of  ci-lls.  66 

of  liver  cells  in  cirrhosis.  506 
Rhalidomyoma,  330 

of  heart,  447 

of  parotid,  577 

of  testicle,  731 
Rbabdonenta  strongyloides,  141 


Rheumatic  arthritis,  750 

Itbeumatism,  279 

Rliexis,  luemorrbage  by,  69 

Rhinitis.  467 

Rhinoscleroma.  35B 

Rbl/opoda,  12» 

liililifit,  on  tumors,  etiology  of.  302;  on 
lesions  of  appendix,  565;  on  regenera- 
lion  of  lymph-nodes.  306 

Riein  poisoning.  857 

Jtifker,  on  yeaals  and  moulds  in  disease. 
161 

Ricliets  (see  Rachitis),  740 

JtifMii.  on  pathogenic  blastomycetes.  l.W 

Jtiec/iHmiiiin,  on  statistics  of  carcinoma, 
343 

Rieiler,  on  leucocytosis,  880 

Itiei:  on  salpingitis,  701 

Rigor  mortis,  6 

Ritchie,  on  bacteria  in  bronchitis,  477:  on 
cystic  kidney,  642:  on  Gbrlicli'shypolli- 
esis,  106 

Rij-Jui'd  iiiiii  GileAriil,  on  coccidia,  133 

RiAin,  on  precipitin  test  for  blood,  112 

RobinmH,  ou  calculi  of  tonsil.  528 

Rogtr  and  Onrnier,  on  thyroid  tuberculo- 
sis, 414 

Rollesim,  on  intestinal  carcinoma.  568 

Ruttratott  and  Crofton- Atkins,  on  pyloric 
stenosis,  5S3 

Bidtertoa  and  Iluynt.  on  eongeiiital  ciiTho- 
ais,  601 

}hrmi,oirski'»  stain.  287 

RitKubcrger,  ou  acid-proof  bacteria,  253; 
on  bacteria  In  bloiNl,  884 

Rimeiiiiif.  on  blood  cultures  in  lobar  pneu- 
monia. 493 

Roiu,  on  invisible  microbea.  287 

JiiiKKfll,  on  ovarian  cysts,  607;  on  spioal- 
cord  degeneration.  810 

H'liiiiief/er,  on  Friedreich's  ataxia,  SCO 


Sifenli/tti,  on  hypertrophy  of  kidney.  616 
Nfr/i8.  <in  in<lumtions  of  jienis,  714 
&iilei:  on  trans  plan  tatiou  of  tumors,  ref. 
3M 

-  Salivary  glands,  574 

glands,  <lucl  lesions  of,  576 
glands,  tumors  of,  576 
glands,  tumors  of.  mixed,  ref.  577 
Siilmiiii.    rabies,   statistics    of,   in   Uuit«<] 
States,  ref.  271 

-  Salpingitis,  calarrlial,  701 

-  BUppumtivc.  701 

-  syphilitic.  703 

-  tuberculous  702 
l^'Uclli.  on  rickets.  740 
lyiHiirflli.  bacillus  of,  272 
Saprophytic  bacteria,  150 
Sarcina,  145 
Sarcodina.  128 
Samjma,  312 

adcno-.  320 
alveolar.  819 
ungio-,  318 
chondro-.  330 
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Savosporldia.  182 

duciduo-ceilulare,  685 

Sausage  poisoning.  358 

euUutlielial.  8S1 

flbro-,  314,  820 

Biiyer.  on  pathogenic  mouUla,  156 

fusocellulare.  814 

Hcngliuii.  on  diplitlierilic  lesions  of  myo 

giaut-c-elled.  816 

cardium,  260 

Klio-,  815 
Upo-,  820 

Scammony  poisoning,  855 

-   Scarlatina.  277 

lympliu-.  81S 

bacteria  in,  878 

raelaao-.  »in,  661 

incltanta  of.  377 

mixf<i.  aiJ 

Scars,  examination,  post-mortem,  of.  8 

royt-l<>(ti-iiii:.  748 

HkJi'tudiiin,  on  malarial  parasite,  281 

myuluk).  316 

t.  lielitiber.  on  tonsil  as  jiortal  of  entry  of 

mjo-,  830 

tubercle  bacilli,  538 

myxo-.  330 

Sclilzomycetes.  148 

of  adrenals,  418 

ScliUget,  on  actiuomyces,  235 

or  appendix.  568 

Iklileniigri;  on  hsinulysis  of  slreptoeeH-- 

of  arteries,  460 

cua,  207 

of  blad<ler.  urinary.  658 

Sehypuli,  on  amyloid  tumors  of  tongue. 

of  bone.  747 

G3S:  on  pathology  of  boue.  749 

of  brain.  884 

SeAoUi;  on  malposiiions  of  colon,  546 

of  bronchi.  461 

Sehulli.  on  cysts  of  stomacli.  545 

^■hnhe,  ou  tubercle  bacillus,  349 

of  dura  mater  spinalis.  776 

of  ependynm,  781 

Sclerosis.  amyotropLic  lateral.  812 

of  lieart,  447 

of  brain,  837 

of  iiiiesline,  566 

of  spinal  cord.  830 

of  kidneys,  «43 

of  larynx.  470 

Scoiex  of  tapeivorni.  134.  188 

of  liver,  607 

Scorbutus.  386 

of  lung,  .^20 

Scrofula,  397 

of  lynipli-Quik'S,  400 

-  Scrotum,  715 

of  nianiina.  710 

cysts  of.  715 

of  mamma,  male.  735 

of  niiLscle,  reO 

tumors  of,  715 

of  nerves.  835 

Sc<i<Ulf.  on  tulwrculosis.  706 

of  nose,  468 

Scurvy,  866 

of  a'sniihagiis,  582 

mumu.  on  orchitis.  730 

of  oviiri<-a.  693 

"Second  intention,"  healing  bv,  120 

of  parotid,  576 

Secretions,  inlemal.  in  an  to -intoxication. 

of  pericardium,  433 

360 

of  jienloneum.  572 

of  pbarvnx,  580 

Si'ctlon  cutting,  57 

of  pia  mater  cerebralis,  775 

Mfert.  on  myoma  of  heart.  447 

of  pia  mater  spinalis.  777 
of  pineal  gland.  836 

-     Seminal  vesicles,  conerelioiis  in,  723 

.-  vesicles,  cysts  of.  722 

of  pleura,  475 

of  prostate.  724 

vesicles,  tuberculosis  of,  723 

of  salivary  glands,  576 

vesicles,  tumors  of.  733 

of  spinal  cord.  834 

-  Bi^ptlcwmiu,  164,  168,  302 

of  spleen,  411 

-  hamorrhaglc.  267.  368 

of  stomach.  543 

Beplicsmic  forms  of  typhoid  fever.  333 

of  testicle.  721 

Scptico-pyiemla.  303 

of  thyroid.  415 

Sequestrum  of  dead  bone,  789 

of  tliymuB.  412 

Serous  apoplexy,  789 

of  tongue,  625 

infllimtion.  84 

of  tonsils.  .'130 

6liu:u,  iiniili.ei.H)lyllc.  186 

of  uterus.  678,  685 

antitoxic.  175 

of  vagina.  663 

autolytic,  186 

of  veins,  484 

hiemolylic,  188 

of  vulva.  661 

hepatolytlc.  185 

ostco-.  318 

immune.  184 

periosteal,  748 

isolyilc,  186 

retroperitoneal,  579 
roiindcellcd,  814 

leucolytic,  185 

lytic,  action  of,  183 

spindle-celled.  314 

nephrolytfc,  185 

Sarcoptes  hominis,  143 

neurolytic,  185 
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8«run),  puncreolytfc,  185 

8i)emiolytic,  185  , 

therapv,  175.  193 

tliyreolyHc,  185 
Sli/iir,  oil  milky  Huids  in  serous  oavities, 


*7if/ 


iiigtoii, 


OD  eliniinatiou  of  bacUiria  Id 
1«;8 

SliiKn.  bacillus  of,  556 
»liip  fever,  271 
Sbiildei;  lengtli  of  fa-tu8,  89 
tiMefliftlDliypotliL'Bia.  176 
Siilvrosis  of  luTig.  503 
Silliermiian,  ilealh  from  burns.  48 
SilhfrKkiiiidl.  oil  pcriloDilis,  571 
Simon,  on  bliHxl.  381 ;   on  e^gs  of  para- 
Hites,  142;  on   n'solution  of  exudate  fa 
pneiimonln.  402 
Siniui  [Mcularis.  dilatation  of.  658 
Siliiniiiin,  on  elimination  uf  bacteria  from 

kiilney.  629 
Skill,  tuberculosis  of.  25.1 
Skull.  iiK'tliotl  of  opening,  9.  40 
.Slii'ig/itu:  on  preventive  plague  Inocula- 
tion. 287 
SnmlliHJx  (Bee  Variola).  278 
Snieijina  bacillus.  253 
Siiiii/i,  A.  IL.  on  carcinoma  of  tlioracic 

duct,  465 
Smith.  Ih..  on  adaptation  of  liacteria,  171 ; 
on  luclerinl  a^siiciations.  168:  on  sarco- 
spuridia,    182:   uu  varieties  of  tubercle 
bacilli.  249 
Smith  niid  KiUtoiiniK,  on  hiemalozoou  of 

Tflad  fever,  183 
Siiiike  venom,  poison  of.  357 
SJiffiiheim.  on  antlirax.  222 
SiHlaas  poison,  3-12 
■•^otli-e.  on  iRTi-lxiri,  279 
Soft  cliancre.  220 
Siiil.  ItBCIeria  in.  150 
.•i-tnl'iff.  on  adeno-carcinoina  of  liver  with 

dlialed  cells,  60(1 
Siilir  plexus,  post-mortem  examination  of. 

88 
Sinnarocliromes,  798 
Soor.  028,  -12.1 

Speciniens,  preserving,  methotis  of,  50 
$lteiii/ler.  on  iiiixtd  infection  iu  tuberculo- 
sis, 2.'>3 
Spermatocele.  717 
S])ermolytic  serum,  183 
Spider  cells.  801 
!5pinn  bitida.  784 
Spinal  apoplexy.  7H3 
cord,  aniyeliH,  763 
curd,  artefacis  of,  783 
cord,  arliticial  deformities  of,  788 
cord,  asymmetries  of.  783 
coi-d,  atelomyelia,  T88 
cord,  fttropliy  of  musctc,  811 
coni,  blixMl- vessels,  lesions  of,  797 
conl,  changes,  post-mortem,  in,  17 
cord,  cy«i8  of.  834 
cord,  <regenenilion,  nenrone  in.  302 
conl.  <leKeueratlon.  secondary,  of.  809 
conl,  degenerations  of,  797 


Sjilual  cord,  diastematomyelia.  788 
cord,  diplomyelU.  7WI 
cord,  distortions  of.  784 
cord,  embolism  of,  T94 
cord,  examination,  posi-inorteni,    of, 

17.  40 
cord,  b^matomyelia,  703 
cord,  hiematoinyelopore.  794 

-  cord,  bwmorrhage  iu.  793 
cord,  heterotopia.  783 

cord,  lieterotopia.  false,  of.  786 

-  cord.  Iiydromyella.  788 

cord,  bydrorrhacbis  interna,  783 

-  cord,  intlamniatlon  of  (sec  Myelitis), 

822 
cord,  injuries  of,  78-5 
cord,  injuries,  post-moriem.  of.  17 
cord,  malarial  lesions  of.  285 
coni,  malformations  of.  782 
cord,  morphology  of.  797, 
cord.  pi'eservalioD  of.  19 
cord,  removal  of.  17 

-  conl,  sclerosis  of.  837,  839 
conl.  segments  of,  18 
eoni,  structure  of,  797 
cord,  syphilis  of.  831 

-^  cord,  syringomyelia,  831 

cord,  syringomyelia,  false,  of,  794 

cord,  llirombosis  of.  794 

conl.  tuberculosis  of,  830 

cord,  tumors  of.  884 

nerve  roots,  anomalies  of.  788 

Spiremes.  95 

Spirilla.  144 

resembling  cholera  spirillum.  241 

BpiHIluin.  144 

cholerte  asiaCicie,  288 
choleric  asiiitlcte.  lysis  of,  240 


feve 


,  zaa 


pn)teus.  341 

sputigenum,  241 

lyrogennm.  341 
Spirals,  Curscbmann's.  470 
i^pirocliiete  Obermeieri,  365 
Spleen,  403 

abscess  of,  407 

absence  of,  403 
-    accessory,  402 

anainiiu  of,  404 

atrophy  of,  403 

bacteria  in.  407.  412 

cajisule,  iuHanmiatioD  of.  409 

characters  of,  403 

_  degenerations  of,  408 
displacement  of,  41)2 
embolism  of,  405 
examination,  post-mortem,  of,  39 
exam! nation,    post-mortem,   of    ne 
l)om.  41 

-  focal  necroses  in,  407 
hiEniorrtiage  of.  403 
bypenvniia  of.  405 
hyperplasia,  endothelial,  of,  410 

-  hyperplasia  of,  406 

in  infeclion,  ref.  103.  407 
infarction  of,  405 
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leen,  inflaniiiiatiDn  of  (see  Splenitla), 
406 

leukftmic.  411 
-  inakrial  lesions  of.  286,  400 

mat  forma  tioDS  of,  403 

]>Hrasitcs  In.  411 

pigmentation  of,  4U4.  40tt 

preservation  of,  30 

pseudo-leukteniic,  411 

removal  of,  ref.   Wurihiii.  400 

rupture  of,  408 

"sago,"  408 

Blze  and  weight  of,  39 

BUppurelloii  of,  407 

sypliilia  of,  408 

tbrombosia  in,  406 


IS  in.  407 

tuticrculosli'  of,  408 

tumors  of.  411 
-  typlinid  fevei',  lesions  of,  Id,  289 

noiinilH  of,  403 
Splenectomy,  rcf.   Warthin.  403 
Splenic  fever.  921 

tumor.  406 
Spletiitis.  400 
'     acute,  406 

chronic,  407 

liy  per  plastic,  406 

peri-,  409 

suppurative,  407 
Splenomegaly,  410 
Sporangium  uf  moulds,  159 
SiKiR*  of  bacteria.  148 
Sporoxiles  in  malaria,  281 
Spor<)ZoQ.  180 
Spotted  fever,  132,  371 
Staining  metlicHls,  S>i 
SlapliyriicoccuH  epidermiills  albus,  3(MI 

cereus  alliiis,  3U6 

cereua  flaviin,  206 

pyogenes  albus,  206 

pyogenes  aureus,  action  of,  in  body. 
30S 

pyogenes  aureus,  characters  of,  'i  M 

pyogenes  aureus,  habitat  and  purtalu 
ofentry  of,  206 

pyogenes  aureus,  tosiusof,  206 


•EX.  879 

Stomacli,  cysts  of,  645 

degenerations  of,  635 

dilatation  of,  541 

erosions,  hieinorrhagic,  of,  641 

etiit  iiuim^uni  of,  586 

examination,  post-mortem,  of,  21,  81 

examination,  post-mort(.'m,  of,  in  poi- 
soning, 88 

foreign  oodles  in.  645 

hiemorrliage  of,  084 

liDir  balls  in,  546 

inflammation  of  (see  Gastritis),  635 

injuries  of.  534 

malarial  lesions  of,  286 

malformations  of.  533 

preservation  of,  82 
-    pylorus,  stenosis  of,  538 

rupture  of,  684 

sypliilia  of,  634 
'    tumors  of,  641 

tuberculosis  of,  K33 
■  -    ulcer  of,  689 
Stomatitis,  622 

catarrlial.  623 

chronic,  528 

croupous,  628 

gangrenous,  638 

parasitic,  523 

phlegmonous.  528 

ulcerative,  523 
Stramonium  p<iisoning,  858 
Strangulation,  lesions  of,  44 
Slmug.  on  tulKrculosis.  354 
Strawberry  marks.  333 
Streptobacillus,  145 
Strep  toeoce  us,  145 

agglutination  of,  307 

anaerobic.  207 

antitoxin,  308 


brev 


i.  207 


Hiatus  lympliaticns, 
Strele,  on  retni peritoneal  s 
Stegomyia  fosciata  in  yellow-fcvcr  infec- 
tion. 378 
SlffMinoin'g  method  for  embedding.  55 
Sterilization  of  bacteria,  147 
Slei-H.  on  tumors  in  childhood.  349 
Sleriibenf.  on  B.  icicrddes,  272;  nn  blas- 
tomycetes,   pathogenic.   168;     on   coro- 
nary arteries,  ref.  438 
f^titet.  on  <lettirminaIion  of  carcinoma  of 

mamma.  710 
f!l»i-e».  an  vaginal  cysts,  663 
Stoinach.  638 

atrophy  of.  635 
bacteria  of.  538 
eadaveric  changes  In,  534 
eiianges  in  position  of,  21 


capsules  of.  306 

clianges  in  virulence  of,  307 

conglomeratus.  307 

ervsiiielatls.  308 

hiemolvlic  pnwer  of,  n'f.  207 

longus'  207 

pyoji^nes,  206 

pyogenes,  action  of,  in  body,  307 

pyogenes,  characters  of,  306 

toxin  of,  208 
Streptotbrix,  146 

actinomyces,  146,  228 

in  pneumonia,  498 

madui'iF,  224 
Stricture  of  appendix,  364 

of  urethra,  656 
■Slroefie,  on  aortic  tuberculosis.  455 
Rtrn/ig,  on  Fried  lander's  bacillus  group, 

313 
Strongylus  gigas,  139,  647 

ton  ge  vagi  n  at  us,  139 

subtiiis,  139 
Struma  of  thyroid,  414 

of  adrenals,  418 
Strumitis,  414.  416 
Strychnine  poisoning,  357 
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St  I  bin  recti  UD,  let.  IM 
tiubliiigual  glund.  670 
ijubiiuixillarj'  eland.  576 
t'liiiUitife  HeruaSilieiitriee,  H(0 
SuSocutioD,  iesloDs  or,  43 
tSuggillatioD.  TO 
Siiustrokf ,  365 
Suppuration.  114,  120.  198,  199.  305 

bacteria  of,  210 
BuprBrcmil  bodies  (see  Adrenals),  416 

capsules  (nee  Adrenals).  416 
Surra,  129 

SutloH.  ou  lumors,  349 
Swab  for  collecllug  bacteria,  166 
SynibiuHis  in  bacteria.  151 
Syucylinnia  of  utenia,  686 
Svnovial  me  in  bra  lies,  750 
Synovitis  (see  Artlirilis).  749 
Bypbilis.  356 

of  adrenals,  417 


of  ai 


t.  455 


of  brain  and  cord,  8S1 

of  dura  mater  ceiebralis.  7B5 

of  Fiillopian  tulie.  702 

of  lieart,  441 

of  mtestine.  658 

of  kidneys,  639 

of  larynx.  4T0 

of  liver.  601 


of  li 


:.  ■'519 


of  nose.  468 
of  ovaries.  691 
of  pancreas.  581 
of  penis.  714 
of  peritoneum.  731 
of  pia  mater  cerebralis.  'i 
of  placenta,  687 
of  rectum,  663 
of  spinal  cont.  882 
of  spleen,  408 
of  stomach,  TidA 
at  testicle.  730 
of  thymus.  412 
oftliyroiil,  414 
of  uretbra,  658 
of  uterus,  678 
of  vagina,  668 
of  veins,  463 
of  vulva.  660 
Syringomyelia.  834 
false,  794 

Tabes  ikirsams.  813 
Twnia  cucumerina,  187 
ecblnococcus,  186 
Ha  vo- punctata,  137 
mcdiocannellata.  185 
nana,  187 
aaf^lnata,  185 


Tapeworms.  184 

Tartar  emetic  poisoning.  855 

Tattoo  marks,  cxaminalion,  post-mort 

of.  8 
TiiteU  on  intestinal  bacteria.  560 
Tavel  and  Latiz,  on  peritonitis,  670 
Taylor,  ou  faity  degeneration,  80;  on  | 
n  volvulus  of  Meckel's 


rticulur 


,  546 


Teratoma,  805 
of  liver.  608 
of  mediastinum,  521 
of  ovaries,  690 
of  pineal  gland.  886 


715 


of  testicle,  732 
Terminal  infection,  169 
Testicles,  716 

abscess  of.  717 

atropbj  of,  717 

cryptorcbismus.  716 

cysu  of.  717,  723 

epididymitis,  718 

hematocele.  717 

hydrocele,  716 

Inflammation  of  (see  Orchitis),  717 

malfonnations  of.  716 

malpositions  of.  716 
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relation  cif.  to  myztnlema,  861 

removal  of,  861 

tumors  of,  415 

weieht  of.  2fl.  41 
Tic  douloureux,  880 
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